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Abstract 
A n e w type of chiral atropisomeric N,N and N2O2 bipyridine ligands were successfully 
synthesized. T h e k n o w n pyridyl anisole w a s lithiated and then brominated to yield 
bromopyridyl anisole. After demethylation, the resultant bromopyridyl phenol w a s formed and 
resolved by preparative chiral H P L C . K e y N i catalyzed homocoupling of bromopyridyl phenol 
produced the optically active N 2 O 2 ligand. Methylation of the N 2 O 2 ligand yielded the optically 
active N,N bipyridine ligand. 
T h e copper c o m p l e x of optical active N 2 bipyridine ligand w a s found to be an efficient 
catalyst in asymmetric cyclopropanation of styrene with ethyl diazoacetate. T h e ratio of trans 
and cis cyclopropanes w a s 86:14 and the enantiomeric excess w a s u p to 8 6 % . T h e 
enantioselectivity of cyclopropanation of para-substituted styrenes depended on the electronic 
















Chapter I Introduction 
1.1.1 Different biological activities of enantiomers. 
Organic c o m p o u n d s play an important part in m o d e r n life. For e x a m p l e , 
pharmaceuticals and agrochemicals and other materials possess useful biological activities. 
Usually the biological activity is caused by the interaction of organic species with 
biomolecules such as e n z y m e s . T h e sites of action are constructed from chiral building 
blocks in the biomolecules such as a m i n o acids, heterocycles and carbohydrates w h i c h 
usually are single enantiomers. W h e n the organic species are chiral, the t w o enantiomers are 
likely to interact differently with a given biomolecule. T h e diastereomeric intermediates 
formed will have different binding energy, different biological and chemical behaviors.' 
If a pharmaceutical or any biologically active c o m p o u n d is enantiomeric to the natural 
biomolecule, this enantiomer will probably possess different levels of biological activity. T h e 
t w o enantiomers should be regarded as t w o distinct c o m p o u n d s if they are interacting with 
biomolecules such as e n z y m e and receptor. A s a result, using the racemate of a particular 
biologically active c o m p o u n d is equivalent to using a mixture of t w o different compounds.^ 
•/ 
For e x a m p l e , the senses of taste and smell of h u m a n beings are highly sensitive to 
subtle stereochemical differences in molecules that stimulate t h e m . A representative 
illustration is the olfactory response of h u m a n beings to the enantiomeric forms of the terpene 
carvone. (7?)-Carvone has the odor of spearmint, whereas (5)-Carvone smells like caraway.3 
a - A m i n o acids are another e x a m p l e s that exhibit different dissimilarities in their taste 
properties. T h e L-enantiomers of leucine, phenylalanine, tyrosine and tryptophan taste bitter 
while their corresponding D-enantiomers are sweet (Figure 1.1 ).4 
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Figure 1.1 
T h e difference in biological properties of pharmaceuticals are illustrated below. 
P r o p o x y p h e n e is interesting that both enantiomers have useful but different biological 
activities. T h e D-enantiomer D a r v o n is an analgesic, whereas the L-enantiomer, N o v r a d , 
possesses antitussive properties but no analgesic (Figure 1.2).5 
P h P h 
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I 、 p h p h ^ I 
M e 2 N o C O E t C O 2 E t _ e 2 
Darvon® Novrad ® 
Figure 1.2 
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D-Enantiomer of the a m i n o acid penicillamine is a chelating agent used to r e m o v e 
heavy metals from the body. Toxicity from this isomer is seldom severe. It is particularly 
useful in the treatment of Wilson's disease and biliary cirrhosis, w h e r e serum and liver 
copper concentrations, respectively, are excessively high. It is also an efficacious antidote 
for lead, gold, or mercury poisoning. In contrast, the L-enantiomer of penicillamine causes 
optic atrophy, which can lead to blindness (Figure 1.3).6 
N H 2 N H 2 
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Thalidomide is the best e x a m p l e to explain the importance of enantiomeric purity of 
drugs. In the early 1960s, it w a s used therapeutically as a sedative and a hypnotic. E v e n 
though the thalidomide molecule contains a chiral center, the drug w a s administered in its 
racemic form. Although the drug appeared relatively innocuous, its use by pregnant w o m e n 
resulted in a high incidence of fetal deaths, neonatal deaths, and congenital malformations. 
T h e teratogenicity has subsequently been found to be a property of only the {S)-{-)-
enantiomer.7 
r ^ r ^ 
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Figure 1.4 
1.1.2 Approach to enantiomeric pure compounds 
U s e of enantiomerically pure c o m p o u n d is the only w a y to prevent the risk of 
biological side-effect. T o achieve enantiomerically pure c o m p o u n d , basically three methods 
II 
are possible: 
(1) Resolution of racemic target c o m p o u n d s . 
(2) U s e of enantiomerically pure starting materials. 
(3) A s y m m e t r i c synthesis. 
A m o n g the three methods, resolution of racemate is often expensive as a suitable and 
stoichiometric a m o u n t of resolving agent is required and the undesired enantiomer has to be 
disposed off. T h e use of an enatiomerically pure starting material needs a chiral c o m p o u n d 
that is readily available, having the desired absolute configuration and of course a practical 
synthetic route. A s y m m e t r i c synthesis is the m o s t advanced m e t h o d that not only the reaction 
conditions can be generally applied but the stereochemistry of the desired product can be 
controlled by the catalyst as well. 
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1.1.3 Principle of asymmetric synthesis 
In order to prepare enantiomerically enriched c o m p o u n d s from prochiral substrates, 
one c o m p o n e n t of the reaction must be chiral or enantiomerically enriched, the c o m p o n e n t can 
be catalyst, non-racemic substrate, reagent, solvent,^ or even polarized light.9 T h e crucial 
factor causing the enantiomeric excess is the diastereomeric transition state of the prochiral 
substrate (or partially prochiral if starting from chiral substrate). T h e diastereomers in the 
transition states are not of the s a m e energy, one of them could be formed m o r e easily from 
the prochiral substrate. Alternatively one of them is m o r e stable than the other one. During 
the interaction, the unstable diastereomer is transformed to the stable o n e that leads to 
enantiomeric excess of the enantiomeric products. This principle is illustrated by the 
reduction of alkynyl ketone catalyzed by a m i n o alcohol-lithium a l u m i n u m hydride complexl() 
( S c h e m e 1.1). 
j ^ LiAIH, O H 
_ ^ ^ ^ C 5 H 1 1 " ^ ~ ~ M ^ “ _ ^ . ' " C 5 H i i 
H O ^ N M e 2 e.e. 8 4 % 
Scheme 1.1 
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T h e principle of asymmetric synthesis can be understood by the energy diagram of 
prochiral ketone reduction (Figure 1.5). For the achiral reagent L A H , reduction will give a 
racemic mixture since the t w o transition states are enantiomeric and have the s a m e energy. 
T h e enantiomers m u s t subsequently give another pair of enantiomers in equal a m o u n t . 
C h a n g i n g the reducing agent to a chiral c o m p l e x , the t w o transition states are n o longer 
enantiomeric but diastereomeric which are of different energy. T h e reaction will then produce 
an excess of the enantiomer which is formed via the low energy transition state. A s a result, 
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1.1.4 Asymmetric catalysis and chiral catalyst 
A s y m m e t r i c synthesis can be classified in the following synthetic routes: 
(1) U s e of chiral reagent or chiral substrate. Readily available chiral c o m p o u n d with high 
optically purity and stoichiometric a m o u n t of reagent are required. Therefore the scale of 
reaction is limited and recovery of chiral reagent is necessary. 
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(2) U s e of chiral solvents^ and polarized light.9 It has been proven to be impractical and only 
low enantiomeric excess is obtained. 
(3) U s e of chiral auxiliary. Stoichiometric a m o u n t of chiral auxiliary still is required. 
Recovery of chiral auxiliary is necessary. Therefore the scale of reaction is limited. 
(4) A s y m m e t r i c catalysis. It is the most ideal m e t h o d that involves a chirality amplification 
process. Only a catalytic a m o u n t of chiral material is needed. T h e catalyst can be recycled. 
Enlargement of reaction scale is practical. 
Chiral catalysts not only accelerate the rate of reaction, but also control the 
stereochemistry ofreaction. Design and application of chiral catalyst in asymmetric catalysis 
has b e c o m e a hot topic in organic chemistry. 
1.2.1 Asymmetric cyclopropanation; general introduction 
D e v e l o p m e n t of h o m o g e n e o u s catalysts provides a powerful tool to achieve 
asymmetric synthesis. A m o n g the chiral catalysts, reaction of chiral metal carbene is one of 
the m o s t useful m e t h o d s leading to C - C b o n d formation especially the addition to olefin to 
form chiral cyclopropane. Cyclopropane is an important structural unit of natural occurring 
c o m p o u n d s like phorbol，" cilastatinJ2 sireninJ^ cyclizidineJ4 permethrinic acidJ5 
conformationally constrained analog of L-glutamate'^ and cyclopropyl carbocyclic L-" 
nucleoside (Figure 1.6)J7 These natural products have been successfully synthesized via 
catalytic inter- or intra-molecular cyclopropanation. O n the other hand, cyclopropane is also 
an important intermediate in total synthesis of natural products. R i n g openings and 
rearrangements of cyclopropanes are useful m e t h o d s to yield spiral compounds,l8 fused 
ringsl9 and bicycles.2() 
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Figure 1.6 
Basically there are t w o important m e t h o d s to prepare cyclopropanes. T h e first 
m e t h o d is the S i m m o n s - S m i t h cyclopropanation reaction; the second m e t h o d is 
cyclopropanation via diazo decomposition. For S i m m o n s - S m i t h reaction, an olefin reacts 
with diiodomethylzinc reagent to yield cyclopropane. A major disadvantage of this reaction is 
that functional groups cannot be introduced to substrate. Furthermore, stoichiometric 
a m o u n t of chiral auxiliary is usually needed in asymmetric S i m m o n s - S m i t h reaction.^' For 
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the diazo addition to olefin, functional groups can be introduced to substrate via diazo 
c o m p o u n d s and only catalytic amount ofchiral complex is required (Scheme 1.2). 
\ D chiral auxiliary • 
R / " ^ ^ R 2 o " / T v ^ R 2 
… Zn(CH2l)2 1 ^ 
. D chiral catalyst r^  
R 1 〜 2 ^ G - R 1 t R 2 
N 2 = K F G ^ Q 
F G r u 
Scheme 1.2 
T h e c o m m o n types of metal complexes used in cataiytic diazoalkane addition to olefin 
are dirhodium complexes such as Rh2(5>S-MEPY)4,22 copper complexes such as copper 
bisoxazoline,23 ruthenium P y b o x 2 4 and cobalt salen^-^ complexes (Figure 1.7). T h e 
discussion will focus on the m o s t wildly used copper catalyzed cyclopropanation in this 
thesis. 
j C X 
^ N - - - R u - - - N ^ ^ N . , N ^ 
vi C | Z p ' C I ''Pr ^Bu ^ T f »Bu 
H 2 C — C H 2 “ 
Ruthenium Pybox Catalyst Copper Bisoxazoline Catalyst 
I~\ H Ph' Ph 
o \ ^ C O O M e ^ N ^ N : z ^ 
R h - R h ^ / = ( J C o y ^ 
z I z I ' ^ ^ " V j > - 0 Br O ^ ^ ^ B u 
Rh2(5S-MEPY)4 
Dirhodium Carboxamidates Catalyst Co(lll)-Salen Catalyst 
Figure 1.7 
1.2.2 Asymmetric cyclopropanation: initial studies. 
Copper bronze and copper(II) sulfate were firstly found to catalyze cyclopropanation 
of alkene by diazo decomposition in 1906.25 Nozaki reported the first e x a m p l e of an 
8 
enantioselective cyclopropane formation in 1966.26 It is also the first and important e x a m p l e 
of an a s y m m e t r i c synthesis f r o m prochiral c o m p o u n d s catalyzed by a h o m o g e n o u s metal 
c o m p l e x even though the optical yield is low ( S c h e m e 1.3). 
八 八 ^ EtOOC EtOOC 
r T ^ ^ r ^ ^ Cat 乂 \ 
I + NgCHCOOEt [ > + | > 
^ 7 2 % p , p , 
r ^ N 、 。 h 
Cat= ' i ^ ^ Q ^ C u - ^ ^ T ^ trans!cis = 2.2>n 
N < v ^ / - k ^ ^ e.e.% = 6 ( trans, cis) 
rM — y 
Scheme 1.3 
Subsequently, a n u m b e r of research groups h a v e synthesized n e w chiral ligands a n d 
applied their metal c o m p l e x e s as catalysts to i m p r o v e the selectivity of the a s y m m e t r i c 
cyclopropanation reaction. Aratani designed the ligand based on salicyaldimine that proved to 
be exceptionally effective for intermolecular cyclopropanation reaction ( S c h e m e 1.4).27-3() 
M e N2CHCOOEt w ^ H 
^ M e Cat Z COOEt 
9 2 % e.e. “ 
H 
r " V ^ N ^ ^ R 
Pat - 1 l R 
^ 0 ^ ^ ^ ^ 、 
Scheme 1.4 . 
Later, Matlin a n d his co-workers developed the [2,2,1] bicyclic ligand a n d applied it 
in cyclopropanation. T h e enantiomeric excess w a s u p to 9 8 % , but it w a s only successful to 
specific d i a z o - c o m p o u n d s ( S c h e m e 1.5).31 
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M e O V ^ 
三&-0、(^ ；丨 z k 
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Scheme 1.5 
1.2.3 Development of C2 -Symmetric semicorrin and its derivatives 
Other attempts were m a d e to develop chiral catalysts in the late 1960s through the 
mid-1980s to control the enantioselectivity of cyclopropanations,32-34 but none were 
ultimately successful as c o m p a r e d to Aratani's catalyst until the development of chiral 
semicorrins derivatives in catalytic asymmetric cyclopropanation by Pfaltz in 1986,35-37 
starting from natural a m i n o acids (Scheme 1.6). 
NC 
< T " f ^ ^ r CN 1 CN 
N N ^ 丄 I 
pf \ / R Reduction ^ Y ^ ^ tBuOCu(l) / ^ Y ^ T " A 
\ / \ 、R ^ ^ N N ^ ^ V N ^ , W “ 
K b 、 - ^ H ^ 
I ( R = CMe2OH ) 
NC 
bis-semicorrinato Cu(ll) active catalyst semicorrin 
Ri Ri 
1 mol% Cat A I 
D ^ + N 2 C H C O O R 2 > + > 
^1 a C H 2 C H 2 C I c. / 
R T R 2 O O C R 2 O O C 
Scheme 1.6 
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Ri ^2 %Yield {trans +cis) trans/cis %e.e. {trans) %e.e. {cis) 
Ph Ph 65 78/22 85 68 
Ph *Bu 60 84/16 93 92 
Ph d -Menthyl 60 82/18 92 92 
n-Pentyl af-Menthyl 30 82/18 92 92 
Table 1.1 Cyclopropanation of olefins catalyzed by semicorrin Cu(I) catalyst 
T h e potential of semicorrin copper catalyst is illustrated by the reaction of olefins with 
diazo-compounds. T h e increase of the bulkiness of alkyl group of the diazo-compounds, 
increases the enantiomeric excess dramatically (Table 1.1). T h e stable crystalline his-
semicorrinato copper(II) c o m p l e x serves as a convenient catalyst processor. T h e actual 
catalyst is p r e s u m e d to be a mono-semicorrinato copper(I) species, generated in situ b y 
reductions with diazo c o m p o u n d s , or alternatively, from the reaction of the free ligand with 
Cu(I)-r^r^-butoxide. T h e planar T-system and the t w o five m e m b e r e d rings confine the 
conformational flexibility of the ligand framework. T h e two substituents are close to the “ 
coordination center but in opposite directions and, therefore, are expected to have a distinct, 
direct stereo-differentiating effect on a reaction taking place in the coordination sphere (Figure 
1.8). 
P ^ ^ S > 
Figure 1.8 Stereo-structure of semicorrin metal complex 
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Other successful representative semicorrin derivatives in catalytic asymmetric 
cyclopropanation are 5-azasemicorrin by Pfaltz in 199238 and bisazaferrocene by F u in 
1998.39 High diastereoselectivity and enantioselectivity are obtained by the two ligands in 
catalytic asymmetric cyclopropanation of aryl, alkyl and silyl olefins (Figure 1.8). 
， v ^ 
O r V > V ^ 
h v 、 ^ r ^ 
, ^^  
R = C H 2 O S i M e 2 B u 
R = C M e 2 O S i M e 3 
5-azasemicorrin bisazaferrocene 
Figure 1.8 
1.2.4 B i soxazo l ines 
Another type of chiral N , N ligand is the C2-sym1netric bisoxazoline derivatives 
prepared from available chiral amino alcohols by Masamune，4()-4l E v a n s , 4 2 - 4 3 and Pfaltz44 in 
early 1990s. Bisoxazolines, bioxazoline and methylenebisoxazoline are g o o d examples of 
this ligand type (Figure 1.9). 
“ 
o n Q . o n ^ , < r r r 
R R R R R R 
bisoxazolines 
R__ R" " 
工 0 “ 0 〕 〈 0 々 〉 





T h e bisoxazoline with t w o directly connected oxazoline rings forms a five-membered 
chelate with C u , and catalyzes to give ^ram-cyclopropane with poor enantioselectivity.42 T h e 
poor enantioselectivity is accounted by the direct linkage of the oxazoline rings in lowering 
d o w n the interaction a m o n g the t w o R groups, metal and the substrates. O n the contrary, the 
ligands in w h i c h the oxazoline rings are separated by one carbon a t o m leading to a six-
m e m b e r e d chelate with C u is m o r e effective in c o p p e r catalyzed a s y m m e t r i c 
cyclopropanations. E v a n s obtained the fra/i^-cyclopropane in 4 6 % e.e. with the use of 
methylenebisoxazoline (R = isopropyl, R " = methyl).42 It is noteworthy that while the R 
groups change into tertiary butyl groups, the e.e. increases dramatically to 9 9 % . It s h o w s 
that the interaction a m o n g R groups, metal center and substrates is crucial in achieving high 
asymmetric induction. 
In order to investigate the influence of the R groups on the enantioselectivity of 
cyclopropanation, m a n y seven inembered chelation ligands were synthesized as reported by 
Andersson,45 Knight46 and A h n (Figure 1.10)47. H o w e v e r none of t h e m advance to Evans' 
result. Six m e m b e r e d ring chelates s e e m to be the most refined structure. 
0 A 1 & N * h M 
t < h ' \ r 5 ¾ ” 
^ i O o . Y 
R R > C ^ R R 
Figure 1.10 seven membered ring chelate oxazoline ligands 
1.2.5 Tridentate N donor ligands 
S o m e tridentate ligands as the structural analogous of bisoxazoline like 
bispyrazolylpyridine and bisoxazoIinylpyridine (Pybox) have been prepared ( S c h e m e 1.7)48 
R u - P y b o x is the m o s t active catalyst a m o n g them. 
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Scheme 1.7 
1.2.6 2 ,2 ' -B ipyr id ines 
For the first time, Ito and Katsuki have exhibited the use of chiral bipyridine 
complexes of Cu(I)OTf for high enantio-control in asymmetric cyclopropanation (Figure 
1.11 ).48-49 Recently, K w o n g fertilized Bolm's ligand in Cu(I)OTf and Cu(II)OTf2 catalyzed 
cyclopropanation of terminal, l,l-disubstituted and 1,2-disubstituted styrenes and simple 
alkenes ( S c h e m e 1.8).50 
II 
C ^ H ^ 6 ^ ^ 
T M S T M S A T ~ A 
TBSO OTBS . 
f ^ 成 
T B ^ ^ B S I O M e M e O 、 
C D 
Figure 1.11 Chiral bipyridines 
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n T 
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A 75 86:14 92 -
B 85 81:19 92 -
C 76 81:19 94 -
D 75 90:10 92 71 
Scheme 1.8 asymmetric cyclopropanation catalyzed by chiral bipyridine 
copper complexes 
1.2.7 Chiral metalloporphyrin catalysts. 
Chiral porphyrins have been prepared firstly by K o d a d e k for catalytic asymmetric 
cyclopi-opanation.51，52 T h e chirality is originated from the substituents at the meso positions 
of porphyrins. T h e substituents are chiral binapthyl ("chiral wall") a n d chiral 
II 
pyrenylnaphthyl ("chiral fortress"). These rhodium porphyrin iodide complexes are excellent 
catalysts for cyclopropanation of aryl and alkyl olefins to give generally c/.v-cyclopropanes as 
the major products. H i g h turnover n u m b e r is obtained. H o w e v e r the enantioselectivity is 
only in l o w to m o d e r a t e level. Berkessel and C h e h a v e c h a n g e d the chiral aromatic 
substituents a n d the metal center froin r h o d i u m to ruthenium to result in high 
diastereoselectivity and enantioselectivity in cyclopropanation of styrene direvatives (Figure 
1 . 1 2 ) . 5 3 - 5 4 
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Figure 1.12 Chiral metalloporphyrins 
1.2.8 Intramolecular asymmetric cyclopropanation 
Synthesis of macrocycles is a long standing problem to chemists. Usually cyclization 
of macrocycles needs to be performed in low concentration. L o n g reaction time is required „ 
but low yield is usually obtained. Intramolecular asymmetric cyclopropanation provides a 
powerful strategy to synthesize macrocycles; usually low concentration of substrate is not 
required and ring size u p to 2 0 atoms has been a c h i e v e d . 5 5 F e w methodologies give high 
yield and enantio-control as intramolecular asymmetric cyclopropanation d o e s . 6 2 Chiral 
dirhodium(II) carboxamidates are proved to be the effective catalysts for highly 
enantioselective intramolecular cyclopropanation of allyic and homoallylic d i a z o a c e t a t e s . 5 6 - 6 ( ) 
Methylenebisoxazoline type complexes are also active catalysts in macrocyclization via 
asymmetric cyclopropanation ( S c h e m e 1.9).61-62 
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S c h e m e 1 . 9 
II 
In s o m e cases, dirhodium complex and methylenebisoxazoline copper complex are 
complementary catalysts in forming different macrocycles^^' or macrocycles with different 
E/Z conformation ( S c h e m e 1.10).62 
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Scheme 1.10 
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Chapter II Design and Synthesis of Chiral Ligands 
2.1 Development of atropisomeric biaryls 
T h e first pair of enantiomers due to restricted rotation is 2,2'-dinitro-6,6'-diphenic 
acid and w a s resolved by Christie and K e n n e r in 1922.63 This n e w type of optical 
isomerism w a s later called atropisomerism by Kuhn.64 Since then m a n y atropisomeric 
biaryls have been synthesized and resolved into optical isomers. In the field of asymmetric 
synthesis, the m o s t important atropisomeric biaryl ligands m a y be B I N O L (l,l'-bi-2-
naphthol) and its derivatives like B I N A P (2,2'-bis(diphenylphosphino)-1,1 '-binaphthyl) and 
Q U I N A P (1 -isoquinolyl-2-diphenylphosphino napthlene) (Figure 2.1).65-67 
n f \ 
H O 2 C ^ N ^ N O 2 H 0 2 C - ^ ' S ^ N 0 2 
H O 2 C ^ ^ ^ N O 2 02U^^y.C02l^ 
R S 
2,2'-dinitro-6,6'-diphenic acid 
( - ^ ^ ^ ^ s ^ ^ ^ / ^ Y ^ r ^ ^ Y ^ 
^ ^ ^ ^ ^ O H ^ ^ ^ ^ P P h 2 ^ ^ ^ ^ P P h 2 ” 
[^^=^^Y^〇H ^^^-yJ^^^^^ ^^^\^N 
W " ^ ^ ^ ^ x ^ k ^ w ^ ^ > ^ 
BINOL BINAP QUINAP 
Figure 2.1 . 
2.2 Chiral 2,2'-bipyridine l igands 
D u e to the g o o d chelating effect with metals, 2,2'-bipyridine and its derivatives have 
attracted considerable interest. Metal complexes of chiral 2,2'-bipyridines have been 
designed as catalysts in asymmetric synthesis. H o w e v e r , the chirality of these bipyridines is 
19 
not due to restricted rotation, but to chiral substituent (Figure 2.2).68-70 x h e chiral 
substituents therefore are far a w a y from the metal centers where the reaction is taking place. 
5 H 5 ^ H ^ 
< > ^ � 
\^^ C H ^ 
2,2'-bipyridines bearing chiral substituents 
F i g u r e 2.2 
Optically active 2,2'-bipyridine with chirality originated from axial asymmetry and 
planar chirality have been synthesized. 2,2'-Biisoquinolines derivatives were synthesized 
and resolved by C h e l u c c i 7 2 and Tsue.73 H o w e v e r , these biiosquinolines s h o w very facile 
racemization due to the small transannular steric hindrance between R - 8 (8_) and N - T (2) 
even though bulky isopropyl groups are introduced (Figure 2.3)"3 
II 
Another type of chiral bipyridine is [2,2]paracyclophane bipyridine7' This planar 
paracyclophane bipyridine is quite similar to bipyridines bearing chiral substituent (Figure 
2.3). 
f Y ^ , ^ x • 
V S ^ N R r ^ ^ 
R N ^ S ^ _ ^ ^ 
O U < G ^ 
R = H, M e , Et,ipr 
8,8'-dialkyl-l , l '-biisoquinoline 2,2'-bipyridine with plane chirality 
Figure 2.3 
2 0 
O n l y t w o examples of atropisomeric 2,2'-bipyridine have been described in the 
literature (Figure 2.4).74-75 x h e naturally labile atropisomerism in these systems is fixed 
with the help of a side chain and therefore no rotation at all around the side chain axis is 
possible, so it m a y limit the binding of metals with different sizes due to the fixed dihedral 
angles of the biaryl rings. 
y ^ Y ^ o ^ O f ~ ^ 
八 。 、 、 . ^ ^ | ^ ^ ^ 
atropisomeric 2,2'-bipyridines 
Figure 2.4 
2.3 Design of chiral ligands 
It is interesting to design a n e w type of chiral 2,2'-bipyridine that possess the 
following features: 
a. Total aromatic character ofthe ligand provides chemical stability to acidic, basic and redox 
n 
conditions to enhance the range ofapplications ofthe ligand in different reactions. 
b. Rotable C-C bond between two pyridine rings allows the rotationalflexihility ofthe ligancl 
for coordination to a wide range ofmetals. 
c. The ligand is easily modified to provide the possibility ofsteric and electronic fine tuning. 
d. Large steric hindrance ofthe side chains provides optical stahilityfor the ligand. 
Recently, a novel chiral pyridylphenol has been demonstrated to be effective in 
catalyzing the asymmetric dialkylzinc addition to aryl a l d e h y d e s . 7 6 T h e dimers of the 
pyridylphenol will give a n e w class of N2O2 tetradentate and N,N bidentate ligands for 
asymmetric synthesis ( S c h e m e 2.1). 
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Scheme 2.1 
2.4 Synthesis of target ligands: synthetic strategy 
T h e target ligands could be synthesized via t w o pathways: cross-coupling and h o m o -
coupling pathway. In the cross-coupling pathway, the target ligand 4 can be obtained by 
Suzuki cross-coupling of boronic acid 1 and 6,6'-dibromo-5,5'-dimethyl-2,2'-bipyridine 
(2). In the homocoupling pathway, 2-bromo-pyridylanisole 3 can undergo self coupling in 
the presence of Ni(0) to give 4 . 6,6'-Dibromo-2,2'-bipyridine 2 and bromopyridylanisole 3 
are the key starting materials in the t w o pathways ( S c h e m e 2.2). 
tBu 
l'^^ ~ / " " ^ ^ ~ ^ ~ ~ \ ~ ~ cross-coupling  
/ + > - N N ^ " = = > “ 
t B u V " O M e B / N 、 r 
B(OH)2 人 W / > -
1 2 tBu ^ N N ^ tBu 
义 ^ O M e M e O ^ 
I J h , ^ B u t B u 
t B u ^ V ^ O M e homo-couphng 4 
V ^ N  
^ B . . 
3 
Scheme 2.2 
2.5 Attempted synthesis of target ligand via cross-couping reaction. 
T h e synthesis of 6,6'-dibromo-2,2'-bipyridine 2 w a s firstly attempted by the 
following m e t h o d ( S c h e m e 2.3). H o m o c o u p l i n g of 2-bromo-3-picoline (6) using R a n e y N i 
2 2 
gave 5,5'-dimethyl-2,2'-pyridine (7).77 H o w e v e r , the Chichibabin amination^S o f 7 w a s 
proved to be unsuccessful with only the starting material recovered. 
f T ^ ^ ^ 1-HBr/Br2 ^ ^ ^ ^ Raney nickel _ J ^ ^ ^ \ ^ _ J ^ \ ^ 
i[^  A 2. NaNO2 0 °C 1 ^ 人 ~ ~ r r ; ; ^ ~ ~ - “ V _ t v f ~ ~ \ J j ~ 
N NH2 N Br toluene ^ N N ^ 
3. NaOH 54% 
5 6 7 
NaNH2 / N,N-dimethylaniline ~L~~^~~(^~~))~~ ~~L~~、~"^^"})~ 
X }-^ N ^ V N N ^ 
200 °C H2N NH2 Br Br 
8 2 
Scheme 2.3 
Alternatively, 2 might be prepared from 10 by oxidative homo-coupling ( S c h e m e 
2.4). 2,6-Dibromopyridine (9) w a s subjected to 6>rf/i/;-lithiation with L D A ^ 9 - 8 0 and 
subsequently quenched with iodomethane to yield 2,6-dibromo-3-picoline (10) . H o w e v e r , 
the isolated yield w a s only 1 0 % . Presumably, it is due to the instability of ortho -lithiated 
broinopyridine.8l Furthermore, the homo-coupling of 1 0 might not be very selective. 
Therefore, the target ligand w a s approached from the homo-coupling pathway. 
( j ^ 1.LDAn-HF, -78 °C ^ " ^ 1."BuLiATHF, -78 °C - - ^ ^ " ^ - ^ ^ " ^ “ 
B r ^ N ^ B r 2.Me_F’-78。C-rt B r A N ^ B r -^ CuCI^. -50°C h ^ 〜 人 
10% 3. 02, -50 C- rt 
9 10 2 
Scheme 2.4 
2.6 Synthesis of target ligand by oxidative coupling 
Direct coupling of pyridine derivatives by L D A developed by M e t h - c o h n and 
Kauffmann83-86 \^ the most ideal route for the preparation of 4. W h e n 11 w a s treated with 
L D A , no lithiation or coupling occurred ( S c h e m e 2.5). It is likely that the basicity of L D A is 
not high enough. T o achieve lithiation, a stronger base is required. 
2 3 
X t - ^ r w > - , 
「 〕 'Bu V N N ^ ^Bu 
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Scheme 2.5 
Fort and Caubere have recently reported that the ortho position of pyridine ring can be 
deprotonated by the complex base B u L i M e 2 N ( C H 2 ) 2 O L i (butyl lithium-A^,N-diaminoethoxy 
lithium)87-89 to generate a radical anion which subsequently reacts with a pyridine molecule 
to give bipyridine ( S c h e m e 2.6). E m p l o y i n g this m e t h o d , ligand 4 w a s successfully 
obtained in 4 8 % yield from 11 with an equal ratio of meso [{R, S) and {S, R)] and racemic 
products [{R, R) and {S, S)] in the presence of H M P A as a radical stabilizing agent. 
H o w e v e r , the yield of useful racemic ligand 4 b w a s only 2 4 % (Scheme 2.7). 
/Li、I 
/ 、N:C 
Bu、 / > 
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“ 
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Scheme 2.6 
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Scheme 2.7 
In order to optimize the lithiation, 11 w a s treated with ft^rr-butyllithium at -78 " C to 
give the 2-lithiopyridine intermediate which underwent C u C N mediated oxidative coupling9l-
96 to yield 4 in 1 2 % yield, with the subs t i tu t ion product 1 2 in 5 % yield and 8 0 % of 1 1 
recoverd. A t t e m p t to stabilize lithio-pyridine b y T M E D A gave similar result ( S c h e m e 2.8). 
Therefore, further synthetic i m p r o v e m e n t w a s sought. 
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Scheme 2.8 
2.7 Synthesis of target ligand by nickel(0) catalyzed homocoupling 
Since direct oxidative h o m o c o u p l i n g of lithiated 1 1 gave poor yield, nickel catalyzed 
h o m o c o u p l i n g of aryl b r o m i d e 3 w a s pursued. 1 1 w a s lithiated by ^r/-butyllithium and then 
2 5 
quenched with 1,2-dibromoethane to give 3 in 7 1 % yield, accompanied with 2-bromoanisole 
14 in 2 0 % yield and 2-r^rr-butylpyridine 1 2 in 1 5 % yield. Higher temperature (-50 ^ C ) 
favored the formation of 1 2 while lower temperature (-100 ^ C ) favored the formation of 14. 
Therefore, - 7 8 " C w a s found to be the optimal temperature to yield 3 with minimal side 
reaction products. Likely, the pyridine ring w a s sterically m o r e accessible than anisole ring 
for deprotonation. 0.5 equivalent excess of ^butyllithium w a s the best for a complete 
lithiation ( S c h e m e 2.9). Bromopyridylanisole 3 underwent homocoupling in the presence of 
NiCl2(PPh3)2/EtNI4/Zn to give 4 a and 4 b in moderate yield ( S c h e m e 2.10). 
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Scheme 2.10 
2.8 Demethylation of N’N ligand 
Demethylation of racemate 4 b in the presence of pyridinium chloride at high 
temperature led to partially decomposition of substrate and only m o n o p h e n o l 15 w a s 
formed. Other m e t h o d s w e r e used in the demethylation o f 4 b , W h i l e T M S C l / N a l did not 
2 6 
yield any product, A l B r 3 and H B r / H O A c gave 1 6 b in 7 5 % and 9 5 % yield respectively 
( S c h e m e 2.11). 
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2.9 Identification of {R ^ S) and racemic isomer of ligands 
T h e m e s o m e r of 16 ( 1 6 a ) and racemate 1 6 b were identified by H P L C using a chiral 
Dailcel O D - H c o l u m n . W h e n 1 6 b w a s subjected to H P L C analysis, it s h o w e d t w o peaks at 
4.52 m i n and 6.88 m i n with 1:1 integrals indicating that 1 6 b were enantiomers (Figure 2.5). 






^ HPLC: Daicel OD-H, hexane/'PrOH = 7:1, 0.5 mL/min 
16a (mesomer) 16b (racemate) 
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HPLC Chromatogram of 16b 
Figure 2.5 Identification of meso and racemic Ligands by HPLC 
2 7 
Further identification w a s performed b y reacting 1 6 b with (5)-(+)-camphorsulfonic 
chloride in basic conditions to give the corresponding camphorsulfonate 1 7 ( S c h e m e 2.11). 
' H N M R spectra of 1 7 s h o w e d diastereomeric peaks (labelled with A ) indicating that 17 w a s 
a mixture of diastereomers (Figure 2.6). 
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2.10 Resolution of Iigands 
Resolution of 1 6 b w a s first attempted on a Daicel O D column, but the difference in 
the retention time between the two isomers w a s not large enough to allow a semi-preparative 
scale separation. Chromatographic separation of camphorsulfonates 17 also proved to be 
unsuccessful in various solvent systems. 
T h e synthetic pathway w a s then modified. Demethylation of 3 gave 18 ( S c h e m e 
2.13). Subsequent camphorsulfonation in basic conditions gave diastereoisomer 19 which 
could be separated by preparative T L C after multiple development with hexane/diethyl ether 
(2:1) as the eluent. !H N M R spectrum of 19 s h o w e d that the mixture of diastereomers were 
separated into t w o diastereomers. T h e peaks appeared in pairs (labelled with A ) in the 
spectrum of diastereomers mixtures while they changed into single peaks in the spectrum of 
the seperated diastereomers (Figure 2.7). 
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Resolution of 1 9 by preparative T L C w a s inconvenient. Fortunately, the difference 
in the retention times between the t w o enantiomers of 18 on Daicel O D c o l u m n w a s large 
e n o u g h to allow a preparative scale separation on H P L C . Optically pure 1 8 bearing a 
hydroxyl group underwent Ni(0) catalyzed homo-coupling to give 1 6 b in 8 9 % yield without 
racemization by H P L C analysis ( S c h e m e 2.14). 
T h e Ni-catalyzed h o m o - c o u p l i n g of (5 ) - 1 8 is synthetically m o r e efficient. N o 
m e s o m e r is formed and the product (5,5)-16b is optically pure. Therefore, starting material 
is fully utilized. 
% u .«>^^ . _ . 
^ - < V O -
r tBu ) ^ N N ^ »Bu 
t B C T ^ Y ^ H NiCI2(PPh3)2. E t 4 N I , Zn 1 y = U J r = r ^ 
\ ^ N "^THF,60°C,12h,89% ^ ^ ^ H H O n ^ ^ 
0 - B r ^B^ ^Bu 
(S)-18 (S,S)-16b 
Scheme 2.14 
2.11 Determination of absolute configuration of ligands 
A s n o racemization occurred during the homo-coupling of 1 8 and the absolute ,, 
configuration of 2 0 w a s k n o w n J 4 so the absolute configuration of 1 6 b a n d 1 8 w a s 
determined by relating to the k n o w n absolute configuration of 2 0 ( S c h e m e 2.15). Optically 
pure 18 (first isomer eluted from a Daicel O D - H c o l u m n , levorotatory) reacted with " B u L i 
and subsequently with water to give 20. T h e retention time and the sign of optical rotation of 
2 0 from {S)-lH [ [ a f ^ = +24.6 (c = 0.35, C H C l 3 ) ] were found to be the s a m e with that of 
the 5)-enantiomer of 20.74 j h u s , the firstly eluted levo-isomer on Daicel O D - H c o l u m n of 




t D ^ ^ s ^ : i ^ n u 1. "BuLi/Hexane , 人 》 、 
Bu J 〇H 0°C, 30 min ^ » 8 ^ ^ ^ ^ 。 ^ chiral H P L C an^ 
\ < ^ ^ N 2. H 2 O ^ Y ^ = ^ N optical rotation 
A r 90% U 
18 20 
first isomer on OD-H column first isomer on OD-H column 
levorotatory levorotatory 
Scheme 2.15 
2.12. Synthetic pathway to target ligand. 
S c h e m e 2.16 summarizes the total synthetic pathway of the target ligand 4 b and 16b. 
3,5-Di-^^rr-butylphenol 2 1 w a s brominated and methylated to give 23. Lithiation of 2 3 and 
subsequently basic hydrolysis gave boronic acid 1. Palladium catalyzed cross-coupling of 1 
with 2-bromo-3-picoline (6) gave 11 which reacted with ^ B u L i / B r C H 2 C H 2 B r to give 3 in 
7 1 % yield. Demethylation of 3 with 4 8 % H B r / H O A c gave racemic 18 in 9 5 % yield. After 
preparative chiral H P L C resolution, the optically pure 18 w a s obtained. H o m o c o u p l i n g of 
opt i ca l ly pure 18 gave the target N 2 O 2 ligand 1 6 b in 8 9 % yield without racemization. 
Methylation of optically pure 1 6 b gave another chiral N,N ligand 4 b successfully. 
“ 
3 2 
tBu 义 叉 
f ^ Br2/CS2 1 j J ^ ^ Me2SO4/MeOH J [ f ^ 
tD ^ k ; ; ^ ^ r ^ u 0 °C, 2 h, 8 8 % t B C T ^ f ^ O H ~ " N a O H , 3 min“““ * B u ^ N ^ O M e 
Bu O H ^ 90% ^r 
21 22 23 
tBu Br tBu 
1."BuUn-HF, -78 °C ^ A : s ^ N g ( ^ ^ 
2. B ( O M e ) 3 ^ H F 义 丄 ^ L l ^ 
3 . N a O H / E t O H ~ ~ ^ ^ ^ B y - ^ Y ^ O M e 5 % P d ( P P h 3 ) 4 / D M E ‘ ‘ 已 。 丫 O M e 
72% B(OH)2 »BuOK/BuOH,90°C ^ y ^ N 




^BuLi/THF, -78 °C _ 、 I 
t B u ^ ^ Y ^ O M e 4 8 % HBr/HOAc , t B i T S ^ O H 
B r C H 2 C H 2 B _ F \ 丄 95 % 
7 1 % > ^ N V ^ N 
^ B . X ^ . 
3 18 
tBu 
A n T W > t JLJk tBu y^N N"^ tBu 
HPLC Separation Bu y O H Ni(PPh3)2CI2/Zn/Et4NI > = ^ Jh=< 
“ ^ Y ^ N ~ ~ T H F , 60。C，12h ^ l ^ ^ H H O n ^ ^ 
^ B r 8 9 % t B ( T ^ ^ B u 
“ 
(S)-18 (S,S)-16b 
X W > 
Me2SO4/MeOH »BU ^ N N ^ tBu 
N a O H “ } = i ) = < 
90% 《 V 0 M e M e O ^ ) * 
^Bu ^Bu 
(S,S)-4b 
Scheme 2.16 total synthesis of chiral l igands 
3 3 
Chapter III Catalytic Asymmetric Reactions Catalyzed by 
Chiral NJW and N2O2 Ligands 
Recently, increasing interest has been focused on enantioselective transformations 
catalyzed by organometallic reagents. E v e n though significant progress has been achieved in 
asymmetric epoxidation of olefins,99-101 reduction ofcarbonylsJ02 imines,103 olefins,104 
amination of olefinsJ05 dihydroxylation^06 and hydroxyamination of olefins,107 high 
enantioselectivities in catalytic C - C b o n d formation reactions still remain a major challenge. 
T h e chiral N2O2 and N,N ligands were utilized in asymmetric addition of diethyl zinc to 
benzaldehyde and asymmetric cyclopropanation of para-substituted styrenes and the substrate 
electronic effect w a s studied. 
3.1 Catalyt ic asymmetr ic addit ion of diethyl zinc to benzaldehyde 
Early studies in this area are concerned with the use of chiral modifiers for 
o r g a n o m a g n e s i u m or organolithium reagents. H o w e v e r , in m o s t cases stoichiometric or 
even excess a m o u n t s of chiral ligands or auxiliaries are required to achieve high 
enantioselectivity. Since the discovery of asymmetric ethyl transfer from diethyl zinc to aryl 
aldehydes using cobalt and palladium complexes of c a m p h o r q u i n o n e dioxime as catalysts, 
rapid progress has followed the observation by O g u n i and Noyori that the alkylation is also “ 
efficiently catalyzed by a m i n o alcohols giving secondary alcohols in u p to 9 9 % ee.l08 
T h e chiral N2O2 bipyridyl phenol l igand {S,S)-16b w a s firstly confirmed as an active 
catalyst in the asymmetric ethylation of benzaldehyde ( S c h e m e 3.1). Catalyzed by 1 0 % of 
{S,S)-16h, E t 2 Z n reacted with benzaldehyde to give the corresponding secondary alcohol 2 4 
in 7 8 % yield and 6 4 % ee. Concerning the m e c h a n i s m of the reaction, a dinuclear zinc 
complex may be an intermediate. {S, 5 > 1 6 b reacts with diethyl zinc lo generate a dinuclear 
zinc c o m p l e x (Figure 3.1)J09 Attack of the sterically less hindered Re-f'dCQ by the ethyl 
group is m o r e preferable since stronger repulsion between the ethyl group and the aromatic 
ring of the ligand in the 5/-face m a y exist.llO 
3 4 
O H 
[ ^ ^ ^ C H O 1 0 % Cat, hexane, 0。C ^ " " Y " ^ 
^ 2Et2Zn, 2 d, 7 8 % L ^ 
- 0 ~ ~ C \ ~ (^)-24, 64% e.e. 
^ B u ^ N N ^ B u 





tBu tBu y -
t B � ' ? , , : H t B 》 ; ' ! ： 
"''..^j^Zn:"ig";^Ph " , , . . ^ ^ n 、 ; ; 〜 H h 
He-face S/-face 
Figure 3.1 
3.2.1 Catalytic asymmetric cyclopropanation of styrene 
In order to investigate the optical induction of the chiral N,N ligand {S,S)-4h, the 
asymmetric cyclopropanation of styrene with ethyl diazoacetate in the presence of copper “ 
triflate and the chiral ligand w a s carried out. 
T h e results of the cyclopropanation of styrene with ethyl diazoacetate are s h o w n in 
S c h e m e 3.2. Catalyzed b y the copper c o m p l e x of the chiral N,N ligand, cyclopropane 
carboxylate w a s obtained in 8 2 % yield in 8h with a trans!cis ratio of 85/15. T h e trans 
-cyclopropane carboxylate 2 5 w a s obtained in 8 0 % ee. W h e n the reaction temperature w a s 
lowered f r o m 2 0 ^ C to 0 ^ C , the enantiomeric excess of 2 5 increased from 8 0 % to 8 6 % . 
H o w e v e r , the reaction time w a s m u c h longer (5 days). 
3 5 
It is interesting that the catalyst loading in this reaction did not affect the 
enantioselectivity but only affected the diastereoselectivity. T h e trans/cis ratio decreased from 
92/8 to 85/15 w h e n the catalyst w a s decreased from 3 m o l % to 1 m o l % . H o w e v e r , the 
reason remains unclear. 
> . " C O 2 E t b > ^ C O 2 E t 
^ / ^ ; ^ ^ ^ Cat, EDA ^ = y + ^ ^ 
M c S ^ ^ ^ v J " 
» B u ^ N N ^ B u 25 26 
^ O M e M e O ^ 
*Bu ^Bu 
{S, S)-4b 
S c h e m e 3.2 
Entry Catalyst cat./mol% rxn. time temp./°C yield% trans/cis ee%{trans) 
1 CuOTf 3 4h 20 82 92/8 79.4 
2 CuOTf 1 5h 20 80 86/14 80.1 
3 Cu(OTf)2 1 8h 20 80 85/15 80.2 
4 Cu(OTf)2 1 5d 0 75 86/14 86.0 
Table 3.1 
T h e reaction catalyzed by C u ( O T f ) 2 w a s slightly slower than that using C u O T f . T h e 
enantioselectivity and diastereoselectivity, h o w e v e r , did not differ. T h e result is consistent 
with m o s t of the cases reported. Copper(I) rather than copper(II) has been established as the 
active catalyst since diazo c o m p o u n d s are found to reduce copper(II) triflate to copper(I) 
triflate before catalysis occurs (Equation 3.1).H l.H2 
CuL2 + N2CHR Cul2" + N2CHR+ (Eq 3.1) 
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3 . 2 . 2 M e c h a n i s m of c o p p e r c a t a l y z e d c y c l o p r o p a n a t i o n : d i a z o 
decomposition, metal carbene generation and formation of metallobutane. 
Transition metal complexes that are effective catalysts for diazo decomposition are 
L e w i s acids.l'^ Their catalytic activity depends on coordinative unsaturation at the metal 
centers, w h i c h allow t h e m to react as electrophiles with diazo c o m p o u n d s . S c h e m e 3.3 
illustrates the generally accepted m e c h a n i s m for catalytic decomposition of diazo 
c o m p o u n d s " 3 - " 5 T h e chiral c o m p l e x reacts with diazoalkane to generate the dipolar 
intermediate I. After extrusion of dinitrogen, the copper carbene II is generated. T h e n the 
methylene transfer to the C = C m a y proceed via metallacyclobutane intermediate III. T h e 
chiral bias m a y be provided by the metal auxiliaries in transition states of formation of the 
formal [2 + 2] cycloadducts, m e t a l l a c y c l o b u t a n e s."6 - H 7 x h e metallacyclobutane undergoes 
reductive elimination to give cyclopropane and the catalyst I V to complete the catalytic cycle. 
Mechanism of catalyzed cyclopropanation 
V " ^ ^ ^ + ^ / N . 
^ N 2 V ^ y ^ "Cu*L ^ s , _ ^ 
丫 1 Y 
R i ^ 
Y " 
IV L*Cu CuL* II 
X " V ^ f ^ ^ y ^ 广 
R l ^ ^ R 2 C u J , R ^ 
L* Ri R 2 . 
III 
L* = chiral ligand 
Scheme 3.3 
Although the detail m e c h a n i s m of this reaction are unclear, similarities a m o n g the 
pathways followed are suggested by the analogous topologies of the bidentate ligands used 
a n d a c o m m o n relation b e t w e e n ligand absolute configuration a n d product 
stereochemistry."^ According to the m o d e l cited by Pfaltz,36-37 肌 electrophilic metal 
37 
carbene is the key cyclopropanating agent and the preferred approach of the incoming alkene 
to the metal carbene is governed by steric interactions between the substituents at the carbene 
and those at the chiral ligands. S c h e m e 3.4 illustrates the proposed stereochemical model. 
Consistent result has been observed after determination of the absolute configuration of 
cydopropanes.ll8,39,120 八 Re4diCt attack of the styrene at the carbene complex intermediate 
is favored due to lesser repulsion between methoxy group and carboxylate than that between 
tertiary butyl group and carboxylate. T h u s the formation of cyclopropane with (\R, 2R) 
configuration w a s preferred as catalyzed by copper complex of (15, 25 ) -4b . 
tBu ^ x ^ jBu 
Y ^ ^ ^e-face 
i r V r 八 
V N 、 、 O M e c o o f ( 
> = < ： ' 
t ^ r K、、、、、 
^ k ^ ^ k ^ 、、、、SMace 
M e O ^ ^ ^ ^ B u ^ 
Ph 
(S, S)-4b 
R e - f a c ^ \ ^ - f a c e 
t B u ^ ^ t B u t B u ^ ^ t g u 
^^^^^^^j^^ i j Favored ^ ^ ^ ^ ! ! ! ^ ^ Disfavored 
l l ^ N 、 O M e C O O E t C ^ N 、 O M e H y ^ “ 
^ C u J ： ： ^ ^ T 、 、 C u ^ p ^ P h 
f V ; B u ^ 、h r ^ N ' 、 u 严 丨 
Y V S ( 1 R ' 2 ^ W S ( 1 S ' 2 3 
M e O ^ ^ ^ t B u M e O " ^ ^ ^ t B u 
Scheme 3.4 
3.3.4 Asymmetr ic cyclopropanation of /7fl/7z-substituted styrenes: study of 
substrate electronic effect 
For a long time, asymmetric induction with chiral metal c o m p l e x is recognized to 
depend mainly on steric effect between the metal center decorated by chiral ligand and 
substrate. Since Jacobsen's discovery of electronic tuning of remote substituent of 
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asymmetric catalystJ^l m u c h effort has been put into this area in order to investigate the 
influence of electronic property of ligand on enantioselectivity. E v e n though a lot of 
reactions have b e e n invest igated, e .g . asymmetric hydrosilylation of ketone,^22 asymmetric 
hydrogenation of i m i n e J 2 3 a s y m m e t r i c hydrogenation of d e h y d r o - a m i n o a c i d J ^ 4 
asymmetric hydrocyanaton of styrene,l25 asymmetric carbene C - 0 insertion of oxetane'26 
and asymmetric hydroboration of styrene,l27 however, only a few systems s h o w linear free 
energy relationship ( S c h e m e 3.5).121,128,129 
Chiral Ligands Asymmetric Reactions 
R R 
M 
/ = N , / N = ^ 
V / H "M|n W Asymmetric (ref121) 
" A ) ) ~ CI 0 ~ ^ ^ x Epoxidation ^ 丨 
tBu tBu 
X = O M e , Me, H, CI, NO2 
X A 
〈 • r ^ z ^ 。 〉 ^ = L t i � n ( r e f 1 2 8 ) 
V N � � l o ! ' N V 厂 � R U ' ..、 
八 C I � 广 
H2C — CH2 
X = NMe2, M e O , H, CI, Me2O 
II 
" ^ " ' • . ^ ~ ^ ) ^ Asymmetric , 
X M ^ Epoxidation (^ef129) 
0 
X = O H , OEt, H, F, CI 
S c h e m e 3.5 
O n the other hand, substrate electronic effect has been studied recently. T h e first 
significant success w a s achieved by C h a n in asymmetric ethylation of aryl aldehydes in 
19%.98 Other examples showing linear H a m m e t t plot are Yang's asymmetric e p o x i d a t i o n ' 2 9 
and Noyori's ethylation of aryl aldehydeJ30 it is notable that Yang's chiral dioxiranes 
generated from chiral ketones and o z o n e have an strong nonconjugated electronic effect on 
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both ligands and substrates, demonstrating a remote electronic tuning on nonconjugated 
system ( S c h e m e 3.6). 
Chiral Ligand Substrate Asymmetric Reaction 
(Bu 
f S ^ ^ c m 
^ B i r V ^ O H I / addition of diethyl 
X ' ' ^ ^ c ^ zinc to p-substituted v'^ T yo) 
XN benzaldehydes 
\j X=NMe2, O M e , Me, H, CI, C N 
\ / 
4 5 : V H 3 〜 C H O 
T ' V ^ X ^ 二 二 二 二 ( - 3 0 ) 
H 3 C 、 ) N ^ ^ x= O M e , Me，H’ CI, CF3 benzaldehydes 
f ^ 
~ ^ " " Y y ^ X^^^j^^=ii^^^^^^^^^C^X asymmetric epoxidation。29) 
CI \ ~ ~ / • � ^ I of p- and m- substituted 
0 ^ ^ styrenes 
X = O M e , Me’ H, F, CI, OAc 
S c h e m e 3.6 
Other attempts are m a d e to study the substrate electronic effect of asymmetric 
cyclopropanation but none is successful as evaluated by their H a m m e t t plots. W h e n the 
C u ( O T f ) 2 c o m p l e x of chiral bipyridine ligand {S,S)-4h w a s subjected to asymmetric 
•I 
cyclopropanation ofpara-substituted styrenes with ethyl diazo acetate, the enantioselectivity 
was found to depend on the electronic nature ofthe para-substituted styrenes in a linear free 
energy relationship (Scheme 3.7). 
> - " C O 2 E t O ^ C O 2 E t * 
^ ^ " ' W ^ 1 mol% Cat, Cu(OTf)2 _ _ ^ / / 
^ X J EDA,CH2Cl2,20°C ^ + ^ 
t e r G - i ^ B u X X 
Q ^ O M e M e O n Q 
tBu % u 
(S, S)-4b 
S c h e m e 3.7 
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Entry X rxn. time/h Products(frans, cisf yield/% ee%{trans) coDfig.{transf 
1 O M e 6 27,28 (86/14) 81 73.5^ ^R,2R 
2 Me 6 29, 30 (85/15) 86 75.6。 1R,2FI 
3 H 8 25, 26 (85/15) 82 80.2^ 1R,2R 
4 CI 18 31,32 (86/14) 78 84.0� 1R,2R 
^determined by GC-MS. 
^determined by Daicel OD-H HPLC column. 
cafter reduction by LAH, determined by Daicel OD-H HPLC column. 
^compared the optical rotation of known compound.i33,i34 
Table 3.2 
T h e optical yield o f 2 5 a n d 2 7 w e r e determined by H P L C analysis using Daicel O D -
H c o l u m n directly. H o w e v e r , the enantiomeric purity determination of 2 9 a n d 3 1 w a s 
unsuccessful using Daicel O B , O C , O D , O H , O D - H and O T ( + ) c o l u m n s in various solvent 
systems. After converting the cyclopropanecarboxylates 2 7 a n d 2 8 to the corresponding 
alcohols 3 3 a n d 3 4 ( S c h e m e 3.8), e e % of 3 3 a n d 3 4 w e r e determined b y Daicel O D - H 
c o l u m n successfully (Table 3.1). 
r'^^V^^""CO2Et LDA/THF — ^ - - " ^ Y ^ - " , ^ ^ ^ 
x A ^ rt. 30 min, 98% ‘ ^ J [ ^ 
29 (X = Me) 33 (X = Me) “ 
31 {X = CI) 34 (X = CI) 
S c h e m e 3 . 8 
compound solvent flow rate(mL/min) HPLC column rentention time(min) 
27 hexane/2-PrOH 1.0 OD-H 7 29 7 88 . 
(99:0.3) • ’ • 
33 hexane/2-PrOH 0.5 OD-H 8 99 10 30 
(9:1) . ’ . 
25 hexane/2-PrOH 0.3 OD-H 11 26 12 89 
(9:1) . ’ • 
34 hexane/2-PrOH 1.0 OD-H 60.09,67.42 
(99.0.5) 
Table 3.3 Detemination of optical yield of cyclopropanes 
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According to the l i t e ra tu re , ' 33 - l34 the cyclopropane carboxylates 25’ 27, 29 and 31 
with the absolute configuration (1^, 2S) are dextrorotatory. T h e products of asymmetric 
cyclopropanations (25, 2 7 , 2 9 , 3 1 ) catalyzed by copper c o m p l e x of {S, S)-4h were 
determined to be levorotatory by polarimeter analysis, indicating that the absolute 
configuration of 2 5 , 27, 2 9 , 3 1 of (S, 5 > 4 b copper complexes catalyzed asymmetric 
cyclopropanation are all (iR, 2R). 
T h e plot of enantioselectivity versus H a m m e t t constants {para position) is s h o w n in 
Figure 3.2 and the data of the plot are s h o w n in Table 3.4. 
1.08"| ~  
1 . 0 6 - ^ ^ C I 
1 . 0 4 - y ^ 
1 .02- y ^ 
g 1 X 
^^  0 . 9 8 - Z 
兰 0.96— ^ 
e 0 . 9 4 - X 
g 0 . 9 2 - ^ / R2>o.99 
: 0.9— y ^ Slope = 0.51 
ra 0 . 8 8 - Z 
一 0 . 8 6 - y^ Me 
0 . 8 4 - y ^ 
0 . 8 2 - X o M e “ 
0 . 8 - ^ 
I I I I ！ ！ r ^ -0.3 -0.2 -0.1 0 0.1 0.2 0.3 
Hammett constant o,, 
Figure 3.2 Plot of enantioselectivity vs Hammett constant Cp 
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substituent Hammett constant Op ee% log[(1 R, 2R)/ (1S, 2S)] 
P-OMe -0.268 73.5 0.816 
P-Me -0.170 75.6 0.857 
P-H 0.000 80.2 0.857 
P-Cl 0.227 84.0 0.959 
Table 3.4 Enantioselectivities vs Hammett constant 
According to he H a m m e t t p l o t , ' 3 5 - 1 3 6 the substrate bearing m o r e electron 
withdrawing group at the 4-position of styrene afforded higher optical yield than that with 
m o r e electron donating group. F r o m the H a m m e t t Plot of log[(l/?, 2R)/lS, 25)] versus 
H a m m e t t constant O p of the substituents (Table 3.4), a straight line w a s obtained with R ^ = 
0.996 (Figure 3.2). It indicates that the increase of enantioselectivity depends on the 
electronic property of remote substituents. Since the rate of the cyclopropanation also 
increased with m o r e electron-rich olefins, an electrophilic copper carbene intermediate is 
supported (Table 3.4). 
Conclusions 
n 
Chiral bipyridyl phenol N 2 O 2 tetradentate ligand 1 6 b and chiral bipyridine N , N 
bidentate ligand 4 b were successfully synthesized and resolved. 
T h e chiral N 2 O 2 tetradentate ligand 1 6 b w a s s h o w e d to be an active ligand in 
asymmetric diethyl zinc addition to benzaldehyde. 
T h e copper c o m p l e x of chiral N,N bidentate ligand 4 b w a s s h o w n to be an active 
catalyst in a s y m m e t r i c cyclopropanation of styrene derivatives. T h e highest 
enantioselectivity w a s found to be 8 6 % e.e. T h e enantioselectivity of the cyclopropanation of 
para-substituted styrenes depended on the electronic effect of the styrenes in a linear free 
energy relationship. 
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Chapter IV Experimental Section. 
Unless otherwise stated, all reagents were purchased from commercial suppliers and 
used as received. T H F w a s distilled from s o d i u m and b e n z o p h e n o n e ketyl prior to use, 
toluene w a s distilled from sodium. Dichloromethane and hexane for reaction w a s distilled 
f r o m C a H 2 . H e x a n e for c h r o m a t o g r a p h y w a s distilled f r o m a n h y d r o u s C a C l 2 , 
diisopropylamine, A^,A^-dimethylaminoethanol, 1,2-dibromoethane and 1,2-dichloroethane 
were distilled from N a H . Thin layer chromatography w a s performed on M e r c k precoated 
silica gel 6 0 F254 plates. Silica gel (70-230 and 2 3 0 - 4 0 0 m e s h ) w a s used for c o l u m n 
chromatography. 
l H N M R spectra w e r e recorded on a Bruker D P X 3 0 0 (300 M H z ) spectrometer. 
Spectrum were referenced internally to the residual proton resonance in C D C l 3 (6 7.26 p p m ) , 
or with tetramethylsilane ( T M S , 8 0.00 p p m ) as the internal standard. Coupling constants (/) 
were reported in Hertz, ^^c N M R spectra were recorded on a Bruker D P X 3 0 0 (75.47 M H z ) 
spectrometer and referenced to C D C l 3 (6 77.00 p p m ) . M a s s spectra ( E I M S and F A B M S ) 
were recorded on a H P 5 9 8 9 B M a s s Spectrometer. H i g h resolution m a s s spectra ( H R M S ) 
w e r e performed on a Bruker A P E X 4 7 e F T - I C R m a s s spectrometer ( E S I - M S ) . H P L C 
analysis w a s conducted on a Waters 4 8 6 system with a U V detector at 2 5 4 n m , using a ,, 
Daicel O D c o l u m n (0.46 x 25 c m ) , Daicel O D - H c o l u m n (0.46 x 15 c m ) , Daicel O T ( + ) 
c o l u m n (0.46 x 25 c m ) , Daicel O B c o l u m n (0.46 x 25 c m ) , Daicel O C c o l u m n (0.46 x 25 
c m ) , H P L C resolution w a s conducted on a Daicel O D c o l u m n (2 x 25 c m ) . G C - M S analysis 
w a s conducted on a H P G 1 8 0 0 C G C D system using a H P 5 M S c o l u m n (30 m x 0.25 m m ^ x 
0.25 |im), temperature programing: 7 0 o C - 2 1 0 ()C’ 7 min; 2 1 0 ()C, 1 min; 210-280 ()C, 7min; 
2 8 0 oC’ lmin. Optical rotation w a s measured on a Perkin E l m e r P E - 3 4 1 polarimeter. T h e 
H a m m e e t plot figure w a s ploted using M a c C u r v e Fit version 1.1, K e v i n R a n e r Software 
1994. 
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2 - B r o m o - 3 , 5 - d i - ^ ^ r ^ - b u t y l p h e n o I (22).76 T o a solution of 3,5-di-r^rr-butylphenol 
(21) (30 g, 0.15 m o l ) in C S 2 (50 m L ) at 0 ^ C , bromine (7.7 m L , 0.15 m o l ) in C S 2 (7.5 m L ) 
w a s added dropwisely during a period of 2 h. T h e resulting b r o w n solution w a s stirred for 
another 1 h at r o o m temperature. Saturated N a 2 S 2 O 5 solution (20 m L ) w a s added and the 
solution w a s stirred for 3 0 m i n . T h e organic layer w a s separated and aqueous layer w a s 
extracted with C H 2 C l 2 (2 x 5 0 m L ) , the c o m b i n e d organic extracts were w a s h e d with water 
and brine, dried over N a 2 S O 4 . After removal of solvent, the light yellow residue w a s poured 
into a watch glass, the residue then solidified to give 2 2 (38 g, 8 8 % ) . m p 113-115 ^ C 
(Lit.76 114.5-115.5 o C ) ! H N M R ( C D C l 3 ) 6 1.29 (s, 9 H ) , 1.51 (s, 9 H ) , 5.92 (s, 1 H ) , 
6.97 (d, 1 H , J = 2.3 H z ) , 7.04 (d, 1 H , J = 2.3 Hz); >3c N M R ( C D C l 3 ) 6 29.86, 31.18, 
34.77, 37.08, 108.31, 111.07，117.03, 147.56, 151.39, 152.31. 
2-Bromo-3 ,5-d i - /er^butyIanisoIe (23).76 2-Bromo-3,5-di"e"-butylphenol (22) 
(9.5 g, 33 m m o l ) w a s dissolved in M e O H (15 m L ) , M e 2 S O 4 (6.2 m L , 6 6 m m o l ) w a s then 
added. T h e solution w a s well stirred and cooled to 0 ()C, then a solution of s o d i u m 
hydroxide (2.64 g, 6 6 m m o l ) in water (30 m L ) w a s added dropwise while keeping the 
reaction temperature below 5 ^ C . T h e solution w a s stirred for another 5 m i n after addition of 
N a O H solution. T h e reaction mixture w a s extracted with C H C l 3 (3 x 25 m L ) . T h e extracts 
w e r e w a s h e d with brine, dried over M g S O 4 . After removal of solvent, the residue w a s 
“ 
distilled in vacuo to give 2 3 as a colorless liquid (88-90 oc/0.02 m m H g ) which solidified as 
colorless crystals (8.8 g, 8 8 % ) u p o n standing. ' H N M R ( C D C l 3 ) 5 1.32 (s, 9 H ) , 1.54 (s, 9 
H ) , 3.89 (s, 3 H ) , 6.83 (d, 1 H , 7 = 2 . 2 Hz), 7.12(d, 1 H , 7 = 2.2 Hz); 13c N M R ( C D C l 3 ) 
5 29.96, 31.31, 35.05’ 37.36’ 56.57’ 107.64, 110.01，117.53, 148.53，150.55, 156.02. 
2,4-Di-&"-butyI-6-methoxy-phenylboronic acid (l).76 "Butyllithium (1.6 M in 
hexane, 10 m L , 155 m m o l ) w a s added to a solution of 2-bromo-3,5-di-^butylanisole ( 2 3 ) 
(46 g, 154 m m o l ) in T H F ( 1 0 0 m L ) at -78 o C under nitrogen. T h e mixture w a s stirred for 10 
m i n and then transferred to a solution of B ( O M e ) 3 (36 m L , 3 1 0 m m o L ) in T H F (20 m L ) at 
-78 o C under nitrogen. T h e solution w a s allowed to w a r m u p to r o o m temperature and stirred 
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overnight. T h e reaction mixture w a s added with saturated aqueous NH4Cl and stirred for 10 
min. T h e organic layer w a s separated and the aqueous phase w a s extracted with ether (3 x 
50 m L ) . T h e c o m b i n e d organic phase w a s w a s h e d with brine. After removing of solvent, 
the residue w a s redissolved in a solution of N a O H (10 g) in E t O H / H 2 O (400 m L / 1 0 0 m L ) , 
stirred at r o o m temperature for 10 min. T h e solvent w a s r e m o v e d under reduced pressure 
and the residue w a s extracted with ether (3 x 30 m L ) , after evaporation, hexane w a s added to 
the white residue to precipitate 3 as white crystals (28.5 g, 7 1 % ) . m p 164-166 ^ C (Lit. 164-
166 o C ) l H N M R ( C D C l 3 ) 6 1.32 (s, 9 H), 1.42 (s, 9 H), 3.81 (s, 3 H), 4.78 (brs, 2 H), 
6.76 (d, 1 H , y = 1.6 Hz),7.11 (d, 1 H , 7 = 1.6 H z ) 
2-Bromo-3-methylpyridine (6).76 4 8 % H B r (39.5 m L ) w a s added to a three-neck 
flask fitted with a dropping funnel, a mechanical stirrer and a low temperature thermometer, 
lt w a s cooled to 0 " C in an ice-salt bath. 2-amino-3-methylpyridine (8.0 m L , 8 0 m m o l ) w a s 
then added over a period of 10 minutes while the solution maintained at 0 ^ C . B r o m i n e (12 
m L , 0.23 m o l ) w a s then added within 1 h. S o d i u m nitrite (14 g, 0.20 m o l ) in water (20 m L ) 
w a s introduced dropwise over a period of 2 h and the solution w a s kept at 0 " C . Stirring 
w a s continued for another 30 min. S o d i u m hydroxide (30 g, 0.75 m o l ) in water (30 m L ) 
w a s then added, the reaction mixture w a s allowed to stand for 1 h. After filtration and 
removal of solvent, the residue w a s v a c u u m distilled (45 ()C/0.15 m m H g ) to give 6 (10.8 g, 
“ 
78 % ) as a colorless liquid. ^ H N M R 5 2.39 ( s , 3 H ) , 7 . 1 8 ( m , 1 H), 7.52 (d, 1 H , 7 = 7.5 
Hz), 8.20 (d, 1 H , J = 3.6 Hz); l3c N M R ( C D C l 3 ) 5 21.68, 122.57, 134.43, 138.41, 
144.15, 146.80. 
3,5-Di-^err-butyl -2- (3 ' -methyl-2 ' -pyridyI)anisole (11).76 2-Bromo-3-picoline 
(6) (5.15 g, 3 0 m m o l ) and Pd(PPh3)4 (1.73 g, 1.5 m m o l ) w a s dissolved in D M E (20 inL). 
T h e mixture w a s stirred at 4 0 ^ C for 3 0 m i n under N〗. T h e n boronic acid 3 (6.2 g, 30 
m m o l ) in D M E (30 m L ) and t R u O K (6.71 g, 6 0 m m o l ) in ^ u O H (20 m L ) were added under 
N 2 . T h e mixture w a s then stirred at 95 ^ C for 12 h and w a s filtered through celite. T h e 
filtrate w a s w a s h e d with water, brine and evaporated. T h e residue w a s purified by c o l u m n 
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chromatography on silica gel using a solvent mixture of hexane/ethyl acetate (6:1) as the 
eluent to afford 1 1 as a white solid (5.25 g, 7 1 % ) . m p 113-115 o C (Lit.76 113-114 oC); R / 
= 0 . 2 5 (hexane/ethyl acetate = 6:1); ' H N M R ( C D C l 3 ) 5 1.09 (s, 9 H ) , 1.33 (s, 9 H ) , 2.06 
(s, 3 H ) , 3.60 (s, 3 H ) , 6.80 (d, 1 H , 7 = 1.9 H z ) , 7.11 (dd, 1 H , J = 4.8’ 7.5 H z ) , 7.19 
(d, 1 H , J 二 1.9 H z ) , 7.44 (d, 1 H , 7 = 6.8 H z ) , 8.44 (d, 1 H , J = 4.6 Hz); l ^ c N M R 
( C D C l 3 ) 8 19.25, 31.35’ 31.79’ 34.99, 36.81, 55.74, 105.97, 116.84’ 121.77, 125.75, 
134.00, 136.30, 145.62，147.98，151.07, 156.74, 159.13. 
3,5-Di-rer^-butyI-2-(3'-methyl-2'-pyridyl)phenol (20).76 3,5-Di-r^rr-butyl-2-(3'-
methyl-2'-pyridyl)anisole (11) (100 m g , 0.32 m m o l ) w a s dissolved in a solution of 4 8 % 
H B r (2 m L ) in H O A c (3 m L ) and the mixture w a s stirred at 120 ()C for 12 h. T h e reaction 
mixture w a s neutralized with saturated N a 2 C O 3 solution, extracted with ether(10 m L x 3). 
T h e extract w a s r e m o v e d of solvent and gave 2 0 as a white solid (88.5 m g , 9 2 % ) . m p 162-
164 o C (Lit.76 162-164 oC); R / = 0.33 (hexane/ethyl acetate = 3:1); ! H N M R ( C D C l 3 ) 8 
1.11 (s, 9 H ) , 1.32 (s, 9 H ) , 2.14 (s, 3 H ) , 4.60 (brs, 1 H ) , 6.84 (d, 1 H , J = 1.6 H z ) , 7.16 
(d, 1 H , J = 1.6 H z ) , 7.22 (dd, 1 H , J = 7.4，7.5 H z ) , 7.59 (d, 1 H , J = 7.5 H z ) , 8.49 (d, 1 
H , y = 4.1 Hz); 1 3 c N M R ( C D C l 3 ) 6 19.23’ 31.28’ 31.87，34.73, 36.86, 111.16, 116.81, 
122.74’ 123.29, 134.83’ 137.70，146.43, 147.90，151.72, 152.68, 157.73. H P L C (Daicel 
O D c o l u m n , hexane/2-propanoI = 9:1, 0.3 m L / m i n ) : l R i = 9.1 m i n , l R 2 = 19.2 m i n , 0.3 
n 
m L / m i n . 
3,5-Di-^err-butyl -2- (6 ' -bromo-3' -methyl-2 ' -pyridyl )anisole (3). 3,5-D'x-tert-
butyl-2-(3'-methyI-2'-pyridyl)anisole (11) (2.7 g, 8.6 m m o l ) w a s dissolved in anhydrous 
% 
T H F (5 m L ) . T h e mixture w a s cooled d o w n to -78 ()C, ^ utyllithium (1.6 M in hexane, 10.8 
m L , 17.2 m m o l ) w a s a d d e d dropwisely via a syringe. After 10 m i n , the dark red solution 
was transferred to a solution of l,2-dibroiTioethane(1.5 m L , 17.2 mmol) in T H F (5 m L ) at 
-78 o c via a cannula. T h e solution w a s allowed to w a r m u p to r o o m temperature slowly and 
stirred overnight, the solution w a s q u e n c h e d b y saturated N H 4 C l solution, extracted with 
C H C l 3 and w a s h e d with brine. After removal of solvent, the residue w a s purified b y c o l u m n 
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chromatography on silica gel using a solvent mixture of hexane/ethyl acetate (8:1) as the 
eluent to afford 3 as a white solid (2.41 g , 7 1 % ) . m p 122 ^C; R f = 0.7 (hexane/ethyl acetate 
=6:1); l H N M R ( C D C l 3 ) 5 1.12 (s, 9 H ) , 1.33 (s, 9 H ) , 2.03 (s, 3 H), 1.55 (s, 3 H ) , 6.79 
(d, 1 H , y = 1.5 Hz), 7.18 (d, 1 H,J= 1.6 Hz), 7.34 (s, 2 H); !3c N M R (CDCl3): 6 14.10, 
18.59’ 31.37, 31.83, 35.10, 36.88, 55.76, 106.07, 116.94, 124.51, 125.90, 133.63, 
137.14, 139.04’ 148.23, 151.74’ 156.71’ 160.25. M S (EI): m/z (relative intensity) 3 8 9 
( M + , 8), 376 (56), 3 7 4 (56), 3 1 0 (100)，254 (40), 165 (20), 57 (70); H R M S ( E S I M S ) m/z 
calcd for C 2 1 H 2 8 B r N O H : 390.1427, found 390.1435. 
2-Bromo-3，5-di -k"-butyl -2- (3 , -methyl -2’ -pyridyl )anisoIe (14). 3,5-Di-r^rr-
butyl-2-(3'-methyl-2'-pyridyl)anisole (4) (2.7 g, 8.6 m m o l ) w a s dissolved in anhydrous 
T H F (5 m L ) . T h e solution w a s cooled to-100 ^ C , ^ utyllithium (1.6 M in hexane, 10.8 m L , 
17.2 m m o l ) w a s added dropwise via a syringe, after 3 0 m i n , the dark red solution w a s 
transferred to a solution of l,2-dibromoethane(1.5 m L , 17.2 m m o l ) in T H F (5 m L ) at-100 
()C via a cannula. T h e solution w a s allowed to w a r m up to r o o m temperature slowly and 
stirred overnight. T h e solution w a s quenched by saturated NH4Cl solution, extracted with 
C H C l 3 and w a s h e d with brine. After removal of solvent, a yellow residue formed. T h e 
residue w a s recrystallized from 1,2-dichloroethane (20 m L ) to give 1 4 as white crystals 
(2.01 g, 6 1 % ) . m p 238-239 o Q R , = 0.65 (hexane/ethyl acetate = 6 : 1); ! H N M R ( C D C l 3 ) , , 
S 1.14 (s, 1 H ) , 1.36 (s, 1 H ) , 2.23 (s, 3 H ) , 3.65 (s, 3 H ) , 6.83 (d, 1 H , J = 1.51 Hz), 
7.72 (dd, 1 H , J = 5.9，7.7 Hz), 8.13 (d, 1 H , J = 7.7 Hz), 8.84 (d,丨 H , J = 4.6 Hz); 13c 
N M R ( C D C l 3 ) 5 18.22, 30.75, 31.93, 34.82, 36.43, 55.46, 105.40, 114.44’ 117.52, 
124.59, 137.69, 139.26, 145.15’ 148.65, 152.83, 154.25’ 155.97. M S (EI): m/z (relative 
intensity) 3 8 9 ( M + , 8), 3 7 6 (56), 3 7 4 (56), 3 1 0 (100), 2 5 4 (40), 165 (20), 57 (70); H R M S 
( E S I M S ) m/z. c a l c d f o r C 2 1 H 2 8 B r N O H : 390.1427, found: 390.1435. 
3 , 5 - D i - r e r r - b u t y l - 2 - ( 6 , - b r o m o - 3 , - m e t h y l - 2 ' - p y r i d y I ) p h e n o l ( 1 8 ) . 3,5-Di-r^rr-
butyl-2-(3'-bromo-6'-methyl-2'-pyridyl)anisole (11) (200 m g , 0.639 m m o l ) w a s dissolved 
in a solution of 4 8 % H B r (2 m L ) in H O A c (3 m L ) , and heated to 120 « C for 12 h. T h e 
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solution w a s then neutralized with saturated N a 2 C O 3 solution, extracted with C H 2 C l 2 . After 
evaporated of solvent the residue w a s purified b y c o l u m n chromatography on silica gel using 
a solvent mixture of hexane/ethyl acetate (2:1) as the eluent to afford 15 as a white solid (183 
m g , 9 6 % ) ; R f = 0.2 (hexane/ethyl acetate = 6:1); m p 153 ^ C ； ^ H N M R ( C D C l 3 ) 6 1.13 (s, 
9 H ) , 1.30 (s, 9 H ) , 2.10 (s, 3 H ) , 4.38 (s, 3 H ) , 6.79 (d, 1 H , J = 1.7 H z ) , 7.16 (d, l H , J 
= 1 . 7 H z ) , 7.42 (s, 2 H); 1 3 c N M R ( C D C l 3 ) : 8 18.54, 31.23, 31.82，34.76, 36.90, 
110.87, 117.01, 122.26, 126.80, 133.97, 138.02, 139.94，148.34，152.20, 152.42, 
158.97. F A B M S : m/z (relative intensity) 3 7 6 [ ( M + 1 ) + , 100], 3 6 2 (19), 3 6 0 (19), 2 9 6 (14); 
H R M S ( E S I M S ) m/z calcd for C 2 0 H 2 6 B r N O H : 376.1270, found 376.1249. 
H P L C S e p a r a t i o n of ( ± ) - 3，5 - D i " e " - b u t y l - 2 - ( 3 , - b r o m o - 6 ’ - m e t h y l - 2 , -
pyridyl)phenol (18). R a c e m i c 18 was separated b y HPLC on a preparative Daicel OD 
c o l u m n [(2 c m x 2 5 c m ) , flow rate: 0.5 m L / m i n , eluent: hexane/2-propanol = 7 : 1] to afford 
(^)-19 (lRi = 31.8 m i n , 100 % ee.)[a]o = +5.6 (c = 0 . 5， C H C l 3 ) and {R)-lH ( l R 2 = 
61.8 m i n , 1 0 0 % e.e.) [a]g^ = -5.6 (c = 0.5, C H C l 3 ) . 
Determination of Absolute Configuration of 16b and 18: 3,5-di-^err-butyl-2-
(3'-methyl-2'-pyridyl)phenoI (20). 3,5-Di-rerf-butyl-2-(3'-bromo-6'-methyl-2'-
pyridyl) phenol ( 1 8 ) (10.0 m g , 0.027 m m o l , the first b a n d on Daicel O D c o l u m n ) w a s 
dissolved in dry T H F (2 m L ) at -78 « C , then " B u L i (1.6 M in hexane, 0.034 m L , 0.054 
m m o l ) in T H F (2 m L ) w a s a d d e d dropewisely. T h e solution w a s stirred at this temperature 
for 3 0 m i n and w a r m e d to 0 o C . W a t e r (2 m L ) w a s then added. T h e reaction mixture w a s 
extracted with C H 2 C l 2 (2 x 5 m L ) , w a s h e d with brine, dried over M g S O 4 . After removal of 
solvent, the residue w a s purified b y c o l u m n c h r o m a t o g r a p h y on silica gel using a solvent 
mixture of hexane/ethyl acetate (3:1) as the eluent to afford 2 0 as a white solid. (7.0 m g , 
8 9 % ) , [a]/3 = +24.6 (c = 0.5, C H C l 3 , Lit74 +24.6). H P L C (Daicel O D c o l u m n , hexane/2-
propanol = 9:1, 0.5 m L / m i n ) , l R = 9.1 m i n ( 5 ) - ( + ) - 2 0 . T h e first p e a k of 1 8 eluted f r o m 
Daicel O D c o l u m n has the S configuration. 
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{R , S ) a n d r a c e m i c 5 , 5 ' - D i m e t h y I - 6 , 6 ' - b i s - ( 2 , 4 - d i - r e r ^ - b u t y l - 6 -
methoxypheny l ) -2 ,2 ' -b ipyr id ine ( 4a，4b) and 3 , 5 - D i " e " - b u t y l - 2 - ( 6 ' " e " -
buty l -3 ' -methyl -2 ' -pyr idy l )aniso le (12). 
Method A: To the 3’ 5-di-r^rf-butyl-2-(3'-methyl-2'-pyridyl)anisole (11) (200 m g , 0.64 
m m o l ) dissolved in T H F (2 m L ) at -78 ^ C , tbutyllithium (1.6 M in hexane, 0.8 m L , 1.28 
m m o l ) w a s added dropwisely. T h e solution w a s stirred for 3 0 m i n at this temperature and 
then transferred to a suspension of C u C N (41 m g , 0.64 m m o l ) in T H F (2 m L ) . After 
stirring at -78 « € for 1 h, anhydrous T M E D A (0.093 m L , 0.639 m m o l ) w a s added dropwise 
via a syringe. T h e solution w a s w a r m e d to r o o m temperature and stirred for another 10 min. 
T h e n the solution w a s cooled d o w n to -78 〇。again, dried O 2 w a s bubbled to the solution for 
3 0 m i n . T h e reaction mixture w a s quenched with saturated N H 4 C l solution and saturated 
N a 2 S 2 O 5 solution, extracted with C H C l 3 , w a s h e d with brine. After removal of solvent, the 
residue was subjected to column chromatography on silica gel using a solvent mixture of 
hexane/ethyl acetate (6:1) as the eluent to afford 12; colorless oil (11.4 m g , 5 % ) , R , = 0.68 
(hexane/ethyl acetate = 6:l)4a, white solids (24 m g , 6 % ) , R , = 0.65 (hexane/ethyl acetate = 
6:1) 4 b , white solids, (24 m g , 6 % ) R , = 0.42 (hexane/ethyl acetate = 6:1) and recovered 11 
(165 m g , 7 0 % ) . Spectral data of 12: > H N M R ( C D C l 3 ) 8 1.10 (s, 9 H ) , 1.36 (s, 18 H ) , 
1.96 (s, 3 H ) , 3.61 (s, 3 H ) , 6.85 (d, 1 H , J = 1.6 Hz), 7.19 (brs, 1 H ) , 7.21 (d, 1 H , J 二 
1.6 Hz), 7.37 (brs, 1 H); l3c N M R ( C D C I 3 )： 5 18.86, 30.30, 31.47, 31.81, 35.02, 36.85, 
“ 
36.98’ 1056.60, 107.41, 116.65，117.12, 127.16, 130.47, 136.45, 148.07，150.71, 
157.15, 157.64, 164.93; E I M S : m/z (relative intensity) 3 6 7 ( M + , 13), 353 (29)，352 (100), 
310(13); H R M S ( E S l M S ) m/z calcd for C 2 5 H 3 7 N O H : 368.2948, found 368.2963; spectral 
data of 4a: ' H N M R ( C D C l 3 ) 8 1.15 (s, 18 H ) , 1.38 (s, 18 H ) , 2.04 (s, 6 H ) , 3.68 (s, 6 
H)，6.86 (d, 2 H , J = 1.6 H z ) , 7.25 (d, 2 H , J = 1.7 Hz), 7.48 (d, 2 H , J = 7.9 Hz), 8.26 
(d, 2 H , J = 8.0 Hz); l 3 c N M R ( C D C l 3 ) : 8 19.15，31.48, 31.90, 35.14, 37.00, 55.97, 
106.21，116.81，119.39，126.41, 133.66, 137.13, 148.56, 150.94，152.90, 156.95, 
157.98; F A B M S : m / z (relative intensity) 621 [(M+1)+, 22], 6 0 7 (64)，606 (100), 5 7 6 (10) 
5 3 4 (11); H R M S ( E S I M S ) m/z calcd for C 4 2 H 5 6 N 2 O 2 H : 6 2 1 . 4 4 5 6 , found 621.4414; 
spectral data of 4 b : ! H N M R ( C D C l 3 ) 8 1.17(s, 18 H ) , 1.35 (s, 18 H ) , 2.06 (s, 6 H ) , 3.60 
5 0 
(s, 6 H ) , 6.83 (d, 2 H , J = 1.3 Hz), 7.24 (d, 2 H , J = 1.5 Hz), 7.49 (brs, 2 H ) , 8.16, (brs, 
2 H); l3c N M R ( C D C l 3 ) : 6 19.17，31.54，31.93, 35.12, 36.94, 55.75, 106.12, 116.65, 
119.57，126.34，133.68, 137.18, 148.24，151.01, 153.25, 156.94，158.05; F A B M S : m/z 
(relative intensity) 621 [ ( M + 1 ) + , 22], 6 0 7 (64), 6 0 6 (100), 5 7 6 (10) 5 3 4 (11); H R M S 
( E S I M S ) m / z calcd for C 4 2 H 5 6 N 2 O 2 H : 621.4456, found 621.4414. 
Method B: "Butyl lithium (1.6 M in hexane, 3.7 m L , 5.10 m m o l ) w a s added dropwisely 
via a syringe to a solution of D M A E (A^,A^-dimethyl aminoethanol) (0.51 m L , 5.10 m m o l ) in 
T H F (10 m L ) at 0 ^ C and the solution w a s stirred for 3 0 m i n . T h e h o m o g e n e o u s solution 
w a s transferred via a cannula to a solution of 1 1 (400 m g , 1.27 m m o l ) in hexane (5 m L ) . 
After stirring at 0 " C for 1 h, T H F (20 m L ) w a s added dropwise, the resulting dark red 
solution w a s stirred at r o o m temperature for 12 h. T h e reaction mixture w a s quenched with 
saturated N H 4 C l solution, extracted with C H 2 C l 2 (3 x 25 m L ) and w a s h e d with brine. After 
removal of the solvent, the residue w a s purified by c o l u m n chromatography o n silica gel 
using a solvent mixture of hexane/ethyl acetate (6:1) as the eluent to give 4 a (75.6 m g , 1 9 % ) 
and 4 b (76.0 m g , 1 9 % ) . T h e spectral data of the products synthesized by m e t h o d B w e r e 
identical with that of m e t h o d A . 
M e t h o d C : NiCl2(PPh3)2 (933 m g , 1.43 m m o l ) , Z n dust (185 m g , 2.86 m m o l ) and Et4NI 
1 •• 
(550 m g , 2.14 m m o I ) w e r e dissolved in T H F ( 5 m L ) and stirred at 6 0 ^ C for 3 0 m i n . T h e n 
3’ 5-di-r£?rr-butyl-2-(2-3-bromo-6-methylpyridyl)anisole (5 ) (558 m g , 1.43 m m o l ) in T H F (2 
m L ) w a s added dropwisely via a syringe. After the reaction mixture w a s stirred at 6 0 " C for 
2 4 h, saturated N H 4 C l solution w a s then added. T h e mixture w a s extracted with C H C l 3 (3 x 
25 m L ) , dried over M g S O 4 and evaporated to driness. T h e residue w a s subjected to c o l u m n 
chromatography o n silica gel using a solvent mixture of hexane/ethyl acetate (6:1) as the 
eluent to afford 4 a (122 m g , 2 7 % ) and 4 b (122 m g , 2 7 % ) as white solids. T h e spectral data 
of the products synthesized by m e t h o d C were identical with that of m e t h o d A and B . 
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5 ,5 ' -D imethy l -6 ,6 ' -b i s - (2 ,4 -d i - rer^-butyI -6 -hydroxy-6 ' -methoxypheny l ) -
2,2' -bipyridine (15). 5,5'-Dimethyl-6,6'-bis-(2,4-di-r6Tr-butyl-6-methoxyphenyl)-2,2'-
bipyridine ( 4 b ) (62.1 m g , 0.1 m m o l ) and anhydrous pyridinium chloride (500 m g , 4.3 
m m o l ) w a s m i x e d together and heated to 220 ^ C in a sand bath for 24 h. T h e solution w a s 
cooled d o w n and redissolved in C H 2 C l 2 . T h e n the solution w a s neutralized with saturated 
N a 2 C O 3 and w a s h e d with water. T h e organic extract w a s concentrated and pyridine w a s 
r e m o v e d in vacuo. T h e residue w a s then subjected to column chromatography on silica gel 
using hexane/ C H C l 3 (2:1) as the eluent to afford 15 (26.7 m g , 4 5 % ) as white solids. ' H 
N M R ( C D C l 3 ) 5 1.15 (s, 9 H ) , 1.17 (s, 9 H), 1.36 (s, 9 H), 1.39 (s, 9 H), 2.07 (s, 3 H), 
2.13 (s, 3 H ) , 3.69 (s, 3 H ) , 4.47 (brs, 1 H), 6.87 (d, 1 H , J = 1.6 Hz), 6.91 (d, 1 H , J = 
1.6 H z ) 7.20 (brs, 1 H ) , 7.25 (brs, 1 H), 7.53 (d, 2 H , J = 2.5 Hz), 7.60 (d, 2 H , J = 2.5 
Hz), 8.28 (d, 2 H , J = 7.9 Hz), 8.37 (d, 2 H , J = 8.0 Hz). 
( / ? , 5 ) - 5 , 5 ' - D i m e t h y l - 6 , 6 ' - b i s - ( 2 , 4 - d i - / e r / - b u t y l - 6 - h y d r o x y p h e n y l ) - 2 , 2 ' -
bipyridine (16a). Method A. {R, 5)-5,5'-DimethyI-6,6'-bis-(2,4-di-r6Tr-butyl-6-
methoxyphenyl)-2,2'-bipyridine (4a) (62.1 m g , 0.1 m m o l ) w a s dissolved in a solution of 
4 8 % H B r (2 m L ) in H O A c (3 m L ) . T h e solution w a s heated to 120 ()C for 12 h. T h e n the 
solution w a s neutralized with saturated N a 2 C O 3 solution, extracted with C H 2 C l 2 and washed 
with brine. After removal of solvent, the residue w a s purified by column chromatography on 
silica gel using C H 2 C l 2 as the eluent to afford 1 6 a ( 5 3 . 3 m g , 9 0 % ) as white solids. ! H 
N M R (CDCl3) 5 1.16 (s, 18 H),1.36 (s, 18 H), 2.14 (s, 6 H), 4.46 (brs, 2 H), 6.89 (d, 2 
H , J = 1.7 Hz), 7.22 (d, 2 H , J = 1.7 Hz), 7.62 (d, 2 H , J = 8.1 Hz), 8.37 (d, 2 H , J = 
8-0 Hz); >3C N M R ( C D C l 3 ) 8 i 9 . O 7 , 31.35, 31.86, 34.85, 37.02, 110.65, 116 .81 , 120.30, 
123.47, 134.61, 138.66, 148.39，151.78，152.50, 153.63, 156.34; F A B M S : m/z. (relative 
intensity) 593 [(M+1)+, 100], 577 (29); H R M S ( E S I M S ) m/z calcd for C 4 0 H 5 2 N 2 O 2 H : 
593.4101’ found 593.4135. H P L C (Dailcel O D - H c o l u m n , hexane/2-propanol =： 7:1, 0.5 




M e t h o d A : R a c e m i c 5,5'-dimethyl-6,6'-bis-(2,4-di-^r/-butyl-6-methoxyphenyl)-2,2'-
bipyridine (4b) (62.1 m g , 0.1 m m o l ) w a s dissolved in a solution of 4 8 % H B r (2 m L ) in 
H O A c (3 m L ) . T h e solution w a s heated to 120 « C for 12 h and then neutralized with 
saturated N a 2 C O 3 solution, extracted with C H 2 C l 2 and w a s h e d with brine. After removal of 
solvent, the residue w a s purified by c o l u m n chromatography on silica gel using C H 2 C l 2 as 
the eluent to afford 1 6 b (54.5 m g , 9 2 % ) as white solids. ' H N M R ( C D C l 3 ) 5 1.21 (s, 18 
H), 1.35 (s, 18 H), 2.12 (s, 6 H), 4.45 (s, 2 H), 6.88 (d, 2 H, J = 1.8 Hz), 7.21 (d, 2 H, J 
= 1 . 7 Hz), 7.61 (d, 2 H, J = 8.0 Hz), 8.28 (d, 2 H, J = 8.0 Hz); l ^ c NMR (CDCl3) 6 
19.70，31.95, 32.52, 35.44, 37.59, 111.46, 117.34, 121.05, 124.05, 135.28, 139.33, 
148.71，152.40, 153.26, 154.42，157.10; FABMS: m/z. (relative intensity) 593 [(M+1)+, 
100], 5 7 7 (29); H R M S ( E S I M S ) m/z. calcd for C 4 0 H 5 2 N 2 O 2 H : 593.4101，found 593.4135. 
H P L C (Daicle O D - H c o l u m n , hexane/2-propanol = 7:1 ’ 0.5 m L / m i n , T R j = 4.52 m i n , l R 2 = 
6.88 m i n ) 
(/?，S) a n d R a c e m i c 5 , 5 ' - d i m e t h y l - 6 , 6 ' - b i s - ( 2 , 4 - d i - ^ ^ r / - b u t y l - 6 - d i -
hydroxyphenyl ) -2 ,2 ' -b ipyr id ine (4a，4b). 
Method B : NiCl2(PPh3)2 (933 m g , 1.427 m m o l ) , Z n dust (185 m g , 2.86 m m o l ) and Et4NI •‘ 
(550 mg, 2.14 mmol) were dissolved in THF (5 mL). The solution was stirred at 60 «€ for 
30 min then 3,5-di-^rr-butyl-2-(3'-bromo-6'-methyl-2'-pyridyl)phenol (3) (537 mg, 1.43 
m m o l ) in T H F (5 m L ) w a s added dropwise via a syringe. T h e reaction mixture w a s stirred at 
60 oC for 8 h and saturated NH4Cl solution was then added, extracted with CHCl3 (3 x 25 
inL), dried over M g S O 4 and evaporated to dryness. The residue was subjected to column 
chromatography on silica gel using a solvent mixture of hexane/ethyl acetate (6:1) as the 
eluent to afford 4a (207 mg, 27%) and 4b (207 mg, 27%) as white solids. The spectra of 
the products synthesized b y m e t h o d B were identical with that of m e t h o d A . 
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( S , 5 ) - ( + ) - 5 , 5 ' - D i m e t h y l - 6 , 6 ' - b i s - ( 2 , 4 - d i - r ^ r ^ - b u t y l - 6 - h y d r o x y p h e n y l ) - 2 , 2 ' -
b ipyr id ine [ ( 5 , 5 ) - ( + ) - 1 6 b ] , (/?，/?)-(-)-5，5，-dimethyl-6，6，-bis-(2，4-di"e"-
b u t y l - 6 - h y d r o x y p h e n y l ) - 2 , 2 ' - b i p y r i d i n e [{R,RH-)-Ub]. Using the same 
synthetic procedure for racemic 1 6 b , (5 ) - ( + ) - 1 8 , ( 1 0 0 % e.e.) w a s h o m o c o u p l e d to give 
{S,S)-i+)-16b as white solid in 8 9 % yield, optical purity = 1 0 0 % e.e., H P L C (Daicel O D - H 
column, hexane/2-propanol = 7:1’ 0.5 mL/min): l R = 4.52 min, [ a f ^ = +34.1 (c = 1.0, 
C H C l 3 ) . Similarly, {R, /?)-(-)-16b w a s obtained in 8 9 % yield, optical purity = 1 0 0 % e.e., 
H P L C (Daicel O D - H c o l u m n , hexane/2-propanol = 7 : 1, 0.5 mL/min): l R = 6.88 min, 
M g ) = - 3 4 . 1 (c = 1.0, C H C l 3 ) . 
( 5 , 5 ) - ( + ) - 5 , 5 ' - D i m e t h y l - 6 , 6 ' - b i s - ( 2 , 4 - d i - r e r r - b u t y l - 6 - m e t h o x y p h e n y l ) - 2 , 2 ' -
b ipyr id ine [ ( 5 , S ) - ( + ) - 4 b ] , (/?，/0-(-)-5，5，-Dimethyl-6，6，-bis-(2，4-di"e"-
buty l -6 -methoxyphenyl ) -2 ,2 ' -b ipyr id ine [(/?,/?)-(-)-4b]. (5,5)-(+)-16b (50 m g , 
8.43 ^imol) w a s dissolved in a solution o f N a O H ( 1 3 . 5 m g , 33.7 ^imol) in E t O H (2 m L ) and 
w a r m e d up to 5 0 ^ C . M e S O 4 (32 ^iL, 33.7 |Limol) w a s added dropwise via a micro syringe. 
After the addition, the solution w a s stirred at 50 ^ C for 1 h. T h e reaction mixture w a s then 
w a s h e d with aqueous N a O H , extracted with C H 2 C l 2 evaporated to dryness. T h e residue 
w a s passed through a short silica gel c o l u m n using C H 2 C l 2 as the eluent to afford {S,S)-{+)-
4 b as white solids. (51.3 m g , 9 8 % ) . [ a f ^ = +9.8 (c = 1.0，CHCl3); in the s a m e m a n n e r 
n 
(R,R)-{-)-4b w a s synthesized in 9 8 % yield, [a]]^ = -9.8 (c = 1.0，CHCl3). l R N M R 
( C D C l 3 ) 8 1.17(s, 18 H ) , 1.35 (s, 18 H ) , 2.06 (s, 6 H), 3.60 (s, 6 H ) , 6.83 (d, 2 H , J = 
1.3 Hz), 7.24 (d, 2 H , y = 1.5 Hz), 7.49 (brs, 2 H), 8.16’ (brs, 2 H); l^c N M R ( C D C l 3 ) 5 
19.17，31.54，31.93，35.12, 36.94，55.75, 106.12, 116.65, 119.57, 126.34, 133.68, 
137.18，148.24, 151.01，153.25, 156.94, 158.05. • 
Diethylz inc Addi t ion to Benzaldehyde Catalyzed by N2O2 Tetradenta te 
Ligand 16b. T o a solution of (5,5)-(+)-16b (10 m g , 0.017 m m o l ) in anhydrous hexane 
(2 m L ) at -78 ^ C under N 2 w a s added Et2Zn (1.0 M in hexane, 0.68 m L , 0.68 m m o l ) . T h e 
mixture w a s stirred for 3 0 m i n . Freshly distilled benzaldehyde (0.034 m L , 0.34 m m o l ) w a s 
5 4 
then added. T h e reaction mixture w a s stirred at 0 o C for 4 8 h under N 2 . Saturated N H 4 C l 
solution (5 m L ) w a s added and the mixture w a s extracted with diethyl ether, (3 x 5 m L ) the 
extracts were w a s h e d with brine, dried over M g S O 4 and evaporated to driness. T h e resulting 
residue w a s purified by c o l u m n chromatography on silica gel using hexane/ethyl acetate (6:1) 
as the eluent to a f ford 1-phenylpropan-l-ol (34.7 m g , 7 8 % ) as a colorless oil.74 H P L C 
(Daicel O D c o l u m n , hexane/2-propanol = 97.5/2.5, 1.0 m L / m i n ) : T R i = 14.2 m i n , T R 2 = 
17.4 m i n . l R N M R ( C D C l 3 ) 8 0.89 (t, 3 H , 7 = 7 . 4 Hz), 1.68-1.88 ( m , 2 H ) , 2.19 (s, 1 
H), 4.55 (t, 1 H , y = 6 . 5 Hz), 7.23-7.37 ( m , 5 H). M S (EI): ni/z (relative intensity) ( M + , 7), 
108 (11), 107 (100)，79 (100), 77 (85). (S,S)-(+)-16b w a s recovered in 70% yield without 
racemization indicated by chiral H P L C analysis. 
Preparat ion of R a c e m i c Cyc lopropanes (General P r o c e d u r e ) J 3 3 丁0 a 
suspension of anhydrous C u S O 4 ( l 6 m g , 0.1 m m o l ) in C H 2 C l 2 (5 m L ) , olefin (10.0 m m o l ) 
w a s added and stirred at r o o m temperature for 30 min. T h e n a solution of ethyl diazoacetate 
(114 m g , 1.0 m m o l ) in C H 2 C l 2 (2 m L ) w a s added via a syringe over a period of 8 h. T h e 
reaction mixture w a s filtered through celite. T h e filtrate w a s w a s h e d with water and brine. 
After removal of solvent, the residue w a s purified by c o l u m n chromatography on silica gel 
using hexane/ethyl acetate (10:1) as the eluent to afford the corresponding cyclopropanes. 
“ 
Racemic ^r«ws-e thy l -2 -phenyl -cycIopropanecarboxyIate (25)J32 Using the 
general procedure, cyclopropanation of styrene (1.0 g, 10 m m o l ) with E D A (114 m g , 1 
m m o l ) gave 2 5 (112 m g , 5 9 % ) as colorless liquid (112 m g , 5 9 % ) , R f = 0.25 (hexane/ethyl 
acetate = 10:1). ^ H N M R (CDCl3), 6 1.21-1.34 ( m , 1 H ) , 1.28 ( t , 3 H , 7 = 7.2 Hz), 1.58-
1.63 ( m , 1 H ) , 1.87-1.91 ( m , 1 H ) , 2.50-2.53 ( m , 1 H ) , 4.17 (q, 2 H , J = 1.2 Hz), 7.08-
7.11 ( m , 2 H ) , 7.17-7.30 ( m , 3 H); E I M S {m/z) 190 (M+). H P L C (Daicel O D - H , hexane/2-
propanol = 9:1,0.3 m L / m i n ) : l R i = 11.26 m i n , l R 2 = 12.89 min. 
Racemic cw-ethyi-2-phenyI-cycIopropanecarboxyIate (26)J32 U s i n g the general 
procedure, cyclopropanation ofstyrene(1.0 g, 10 m m o l ) with E D A ( 1 1 4 m g , 1 m m o l ) gave 
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2 6 as a white solid (12.9 m g , 1 0 % ) , R , = 0.20 (hexane/ethyl acetate = 10:1). ^ H N M R 
( C D C l 3 ) 5 0.97 (t, 3 H , J = 7.2 Hz), 1.29-1.36 ( m , 1 H ) , 1.70-1.73 ( m , 1 H ) , 2.06-2.10 
( m , 1 H ) , 2.54-2.60 ( m , 1 H ) , 3.87 (q, 2 H , J = 11 Hz), 7.16-7.27 ( m , 5 H); E I M S (m/z) 
190 ( M + ) . 
Racemic ^f lws-e thyI -2 - (4 -methoxyphenyl ) -cyc lopropanecarboxy la te (27).132 
Using the general procedure, cyclopropanation of 4-methoxystyrene (1.3 g, 10 m m o l ) with 
E D A (114 m m o l ) gave 2 7 as a white solid (134 m g , 6 1 % ) , R / = 0.22 (hexane/ethyl acetate = 
10:1). l R N M R ( C D C l 3 ) 5 l . l 8 - 1 . 3 4 ( m , 1 H ) , 1.28 ( t , 3 H , 7 = 7.2 Hz), 1.52-1.58 ( m , 1 
H ) , 1.79-1.85 ( m , 1 H ) , 2.47-2.49 ( m , 1 H), 3.78 (s, 3 H ) , 4.16 (q, 2 H , J = 12 Hz), 6.82 
(d, 2 H , J = 8.7 Hz), 7.03 (d, 2 H , J = 8.7 Hz); E I M S (m/z) 2 2 0 ( M + ) . H P L C (Daicel O D -
H , hexane/2-propanol = 99:0.3, 1.0 m L / m i n ) : T R i = 7.29 m i n , T R 2 = 7.88 m i n . 
Racemic ^r«n i - e thyI -2 - (4 -methy lphenyI ) - cyc lopropanecarboxy la te (29)J32 
Using the general procedure, cyclopropanation of 4-methylstyrene (1.18 g, 10 m m o l ) with 
E D A (1.14 g, 1 m m o l ) gave 2 9 as colorless liquid (120 m g , 5 9 % ) , R , = 0.22 (hexane/ethyl 
acetate = I0:1). l R N M R ( C D C l 3 ) 8 1.26-1.32 ( m , 1 H), 1.29 ( t , 3 H , 7 = 7.2 Hz), 1.55-
I.61 ( m , 1 H ) , 1.84-1.90 ( m , 1 H ) , 2.32 (s, 3 H ) , 2.47-2.53 ( m , 1 H ) , 4.18 (q, 2 H , J = 
7.2 Hz), 7.00 (d, 2 H , J = 8.1 Hz), 7.10 (d, 2 H , J = 8.1 Hz); E I M S {m/z) 2 0 4 ( M + ) . ,, 
Racemic r r a w s - e t h y l - 2 - ( 4 - c h l o r o p h e n y l ) - c y c I o p r o p a n e c a r b o x y l a t e (31).1^2 
Using the general procedure, cyclopropanation of 4-chlorostyrene (1.38g, 10 m m o l ) with 
E D A (114 m g , 1 m m o l ) gave r a m e m i c 3 1 as colorless liquid (123 m g , 5 5 % ) , R f = 0.22 
(hexane/ethyl acetate = 10:1). ! H N M R ( C D C l 3 ) 8 1.16-1.23 ( m , 1 H ) , 1.21 (t, 3 H , 7 = 
7.2), 1.49-1.56 ( m , 1 H ) , 1.76-1.82 ( m , 1 H ) , 2.38-2.45 ( m , 1 H ) , 4.10 (q, 1 H , J = 7.1 
Hz), 6.95 (d, 2 H , J = 8.5 Hz), 7.17 (d, 2 H , J = 8.5 H z ) ； E I M S (m/z) 2 2 4 ( M + ) . 
Preparation of copper(I) t r i f l u o r o m e t h a n e s u I f o n a t e J 3 7 X o a mixture of cuprous 
oxide (1.8 g, 12.6 m m o l ) and benzene (60 m L ) , trifluoromethanesulfonyl anhydride (2.5 
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m L , 15.1 m m o l ) w a s a d d e d via a syringe. T h e suspension w a s refluxed for 2 0 h. T h e 
solution w a s then filtered u n d e r N 2 and left for 2 4 h at r o o m temperature to yield 
[ ( C u O T f ) 2 - C 6 H 6 } as white crystals (3.8 g, 6 0 % ) . 
Catalytic Asymmetric Cyclopropanation of Olefins with EDA (General 
P r o c e d u r e ) . C u ( O T f ) 2 (2.42 m g , 6.7 ^imol) and (5,5)-(-)-4b (5.0 m g , 8.0 ^imol) w e r e 
dissolved in anhydrous C H 2 C l 2 (1 m L ) under N 2 and the solution w a s stirred at 3 0 ^ C for 3 0 
m i n , T h e solution w a s then transferred to a Schlenk flask containing olefin (0.80 m L , 6.7 
m m o l ) through a p a c k e d filter-paper. T h e solution w a s stirred at r o o m temperature for 3 0 
min，ethyl diazoacetate (70.3 |iiL, 0.67 m m o l ) in C H 2 C l 2 (2 m L ) w a s added dropwisely in a 
period of 4h. After the reaction w a s completed as monitored by T L C , the reaction mixture 
w a s filtered through celite, the filtrates w a s w a s h e d with brine, dried over M g S O 4 . After 
evaporated to driness, the residue w a s subjected to c o l u m n c h r o m a t o g r a p h y on silica gel 
using a solvent mixture of hexane/ethyl acetate (10:1) as the eluent to afford 2 5 as white 
solids (86.5 m g , 7 0 % , 8 0 . 2 % ee.). T h e optical rotation of 2 5 w a s m e a s u r e d to be negative 
indicating that the absolute configuration of 2 5 w a s (1/?, 2/?) according to the l i t e r a t u r e . ' 3 3 -
134 H P L C (Daicel O D - H , hexane/2-propanol = 9:1，0.3 m L / m i n ) : l R i = 11.26 m i n , l R 2 = 
12.89 m i n . R , = 0.25 (hexane/ethyl acetate = 10:1). l R N M R ( C D C l 3 ) , 5 1.21-1.34 ( m , 1 
H)，1.28 (t, 3 H , J = 7.2 H z ) , 1.58-1.63 ( m , 1 H ) , 1.87-1.91 ( m , 1 H ) , 2.50-2.53 ( m , 1 •‘ 
H)，4.17 (q, 2 H , J = 12 H z ) , 7.08-7.11 ( m , 2 H ) , 7.17-7.30 ( m , 3 H); E I M S {m/z) 190 
( M + ) . 2 6 w a s collected as a colorless liquid (15.3 m g , 1 1 % ) . R , = 0.20 (hexane/ethyl 
acetate = 10:1). l H N M R ( C D C l 3 ) 8 l . l 8 - l . 3 4 ( m , 1 H ) , 1.28 ( t , 3 H , 7 = 7.2 H z ) , 1.52-
1.58 ( m , 1 H ) , 1.79-1.85 ( m , 1 H ) , 2.47-2.49 ( m , 1 H ) , 3.78 (s, 3 H ) , 4.16 (q, 2 H , J 二 
7.2 H z ) , 6.82 (d, 2 H , J = 8.7 H z ) , 7.03 (d, 2 H , J = 8.7 H z ) . E I M S {m/z) 190 ( M + ) . T h e 
trans/cis ratio w a s determined b y G C - M S to be 86/14. 
rrans-ethyI-2-(4-methoxyphenyI)-cycIopropanecarboxylate (27) and cis-
ethyl-2-(4-methoxyphenyl)-cyclopropanecarboxylate (28). C a t a l y z e d b y the 
c o m p l e x of C u ( O T f ) 2 (2.42 m g , 6.7 ^imol) a n d {S,S)-(-)-4h (5 m g , 8.0 ^ i m o l ) , 
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cyclopropanation of 4-methoxystyrene (0.89 m L , 6.7 m m o l ) with E D A (70.3 ^iL, 0.67 
m m o l ) gave rra^5-ethyl-2-(4-methoxyphenyl)-cyclopropanecarboxylate (27) and cis-ethy]-2-
(4-methoxyphenyl)-cyclopropanecarboxylate ( 2 8 ) (178.2 m g , 8 1 % ) with a trans/cis ratio of 
86/14. 2 7 w a s collected as a white solid ( 7 3 . 5 % e.e.). H P L C (Daicel O D - H , hexane/2-
propanol = 99.7:0.3，1.0 m L / m i n ) : l R i = 7.29 m i n , l R 2 = 7.88 m i n . T h e optical rotation of 
2 7 w a s measured to be levorotatory indicating that the absolute configuration of 2 7 was(l/?, 
2R) according to the l i t e r a t u r e . l 3 3 - l 3 4 l H N M R ( C D C l 3 ) 5 1.18-1.34 ( m , 1 H ) , 1.28 (t, 3 
H , J = 7.2 H z ) , 1.52-1.58 ( m , 1 H ) , 1.79-1.85 ( m , 1 H ) , 2.47-2.49 ( m , 1 H ) , 3.78 (s, 3 
H ) , 4.16 (q, 2 H , J = 7.2 H z ) , 6.82 (d, 2 H , J = 8.7 H z ) , 7.03 (d, 2 H , J = 8.7 Hz); E I M S 
{m!z) 2 2 0 (M+); 2 8 w a s collected as a white solid, E I M S (m/z) 2 2 0 ( M + ) . 
rrans-ethyl"2-(4-methylphenyI)-cyclopropanecarboxylate (29) and cis ethyl-
2-(4-methyIphenyl)-cycIopropanecarboxylate (30). Catalyzed by the complex of 
C u ( O T f ) 2 (2.42 m g , 6.7 ^imol) and {S,S)-{-)-4h (5 m g , 8.0 ^ m o l ) , cyclopropanation of 4-
methylstyrene (0.89 m L , 6.7 m m o l ) with E D A (70.3 [iU 0.67 m m o l ) gaverran5-ethyl-2-(4-
m e t h y l p h e n y l ) - c y c l o p r o p a n e c a r b o x y l a t e ( 2 9 ) and c/^^-ethyl-2-(4-methylphenyl)-
cyclopropanecarboxylate (30) (175.4 m g , 8 6 % ) with a transfcis ratio of 85/15. 2 9 w a s 
collected as white solid. T h e optical rotation of 2 9 w a s m e a s u r e d to be levorotatory 
indicating that the absolute configuration of 2 9 w a s (\R, 2R) according to the literatureJ33-
•34 l H N M R ( C D C l 3 ) 6 1.26-1.32 ( m , 1 H ) , 1.29 (t, 3 H , J = 12 H z ) , 1.55-1.61 ( m , 1 
H ) , 1.84-1.90 ( m , 1 H ) , 2.32 (s, 3 H ) , 2.47-2.53 ( m , 1 H ) , 4.18 (q, 2 H , J = 8.1 H z ) , 7.00 
(d, 2 H , J = 8.1 H z ) , 7.10 (d, 2 H , J = 8.1 Hz); E I M S {m/z) 2 0 4 ( M + ) . 3 0 w a s collected as 
colorless liquid, E I M S (m/z) 2 0 4 ( M + ) . 
rrans-e thy l -2 - (4 -ch lorophenyi ) -cyc lopropanecarboxy la te (31) and cis ethyl-
2-(4-chlorophenyl)-cycIopropanecarboxylate (32). Catalyzed b y the c o m p l e x of 
C u ( O T f ) 2 (2.42 m g , 6.7 ^imol) and {S,S)-{-)-4h (5 m g , 8.0 ^imol), cyclopropanation of 4-
chlorostyrene (0.78 m L , 6.7 m m o l ) with E D A (70.3 ^lL, 0.67 m m o l ) gave rra/w-ethyl-2-(4-
c h l o r o p h e n y l ) - c y c l o p r o p a n e c a r b o x y l a t e ( 3 1 ) and c i 5 - e t h y l - 2 - ( 4 - c h l o r o p h e n y l ) -
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cyclopropanecarboxylate (32) (174.7 m g , 7 8 % ) with a trans/cis ratio of 86/14. 3 1 w a s 
collected as a colorless liquid. T h e optical rotation of 3 1 w a s m e a s u r e d to be levorotatory 
indicating that the absolute configuration of 31 w a s {\R, 2R) according the l i t e r a t u r e . l 3 3 - i 3 4 
> H N M R ( C D C l 3 ) 5 1.16-1.23 ( m , 1 H ) , 1.21 (t, 3 H , J = 7.2 H z ) , 1.49-1.56 ( m , 1 H ) , 
1.76-1.82 ( m , 1 H ) , 2.38-2.45 ( m , 1 H ) , 4.10 (q, 1 H , J 7.2 H z ) , 6.95 (d, 2 H , J = 8.5 
H z ) , 7.17 (d, 2 H , J = 8.5 H z ) ； E I M S {m!z) 2 2 4 ( M + ) ; 3 2 w a s collected as a colorless 
liquid, E I M S {m!z) 2 2 4 ( M + ) . 
rraws-2- (4-methylphenyl )cyc lopropyImethanol (33). T o the solution of U^cms-
ethyl-2-(4-methylphenyl)-cyclopropanecarboxylate ( 2 9 ) (10 m g , 0.049 m m o l ) in T H F (2 
m L ) w a s a d d e d L A H (50 m g , 1.32 m m o l ) . After stirring for 3 0 m i n , the reaction mixture 
w a s q u e n c h e d b y ethyl acetate (5 m L ) . After filtration, the solution w a s concentrated to gave 
3 3 as colorless oil (7.9 m g , 1 0 0 % , 75.6% e.e.). H P L C (Daicel O D - H , hexane/2-propanol = 
9:1, 0.3 m L / m i n ) : T R i = 11.26 m i n , l R 2 = 12.89 m i n . ! H N M R ( C D C l 3 ) 5 0.92 ( m , 2 H ) , 
1.40 ( m , 1 H ) , 1.77 (q, 1 H , J = 8.1 H z ) , 2.31 ( m , 2 H ) , 3.61 ( m , 2 H ) , 6.98 (d, 2 H , J = 
8.0 H z ) , 7.08 (d, 2 H , J = 7.8 H z ) . E I M S (m/z) 162 ( M + ) . 
rraws-2-(4-chlorophenyl)cyclopropylmethanol (34). T o the solution of Trans-
ethyl-2-(4-chlorophenyl)-cyclopropanecarboxylate ( 3 1 ) ( l O m g , 0.049 m m o l ) in T H F (2 m L ) 
$1 
w a s a d d e d L A H (50 m g , 1.32 m m o l ) . After stirring for 3 0 m i n , the reaction mixture w a s 
q u e n c h e d b y ethyl acetate (5 m L ) . After filtration, the solution w a s concentrated to gave 3 4 
as colorless oil (8.0 m g , 9 7 % , 8 4 . 0 % e.e.). H P L C (Daicel O D - H , hexane/2-propanol = 
99:0.5, 1.0 m L / m i n ) : l R i = 60.09 m i n , l R 2 = 67.42 m i n . > H N M R ( C D C l 3 ) 6 0.94 ( m , 2 
H ) , 1.43 ( m , 1 H ) , 1.81 ( m , 1 H ) , 3.62 (d, 2 H , J= 6.7 H z ) , 7.00 (dd, 2 H , J = 1.8，6.7 
H z), 7.21 (dd, 2 H , J = 2.5, 4.6 H z ) . E I M S (m/z) 182 ( M + ) . 
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